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1.0 PURPOSE 

This document summarizes existing data which will be used to plan an accelerated remedial 
action for Individual Hazardous Substance Sites (IHSSs) and contaminated surface and 
subsurface soils including: 

903 Pad Drum Storage Area (IHSS 112) (903 Pad), 
903 Lip Area (IHSS 155), 
Reactive Metal Destruction Site (IHSS 140), and 
Buffer Zone OU including the Americium Zone and OU 1 Surface Soils. 

This document addresses contamination of the asphalt pad at IHSS 112, soils under the pad, as 
well as surface and sub-surface soils within the other locations within the study area identified 
above. 

The purpose of the data summary is to present the data generated through numerous 
investigations, provide a usability assessment of these data, and use the information to assess 
EWCA action level exceedances. 

This assessment, along with the qualitative survey information provided in this summary, will 
aid in the developing volume estimates to be used in future remedial action planning, probably 
through an IWIRA. Because the large volumes of contaminated subsurface and surface soils 
requiring remediation, the future IM/IRA is expected to evaluate three remedial alternatives. 
These alternatives are: 

e 

Excavation of VOC-contaminated soils at the 903 Pad for ex situ treatment, off site 
shipment of soils exceeding putback levels, and excavation of the remaining 
radiological contaminated soils for off site disposal. 

Excavation of VOC-contaminated soils at the 903 Pad for ex situ treatment, physical 
separation, off site shipment of soils exceeding putback levels, and excavation of the 
remaining radiological contaminated soils, physical separation for waste reduction 
purposes, and off site disposal. 

Excavation of VOC-contaminated soil beneath the 903 Pad for ex-situ treatment, 
replacing treated soils in excavation, excavation of radiological contaminated surface 
and subsurface soil beyond the 903 Pad area, transporting and placing soils at the 903 
Pad excavation site for capping with engineered cover. 
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2.0 BACKGROUND AND PROJECT DESCRIPTION 

2.1 903 Pad and 903 Lip Area (IHSSs 112 AND 155) 

Drums that contained radioactively contaminated oils and volatile organic compounds (VOCs) 
were stored at the 903 Drum Storage Area (Figure 2-1) site from the summer of 1958 to January 
1967 when this area was an open field. Drum storage at the 903 Pad occurred over the entire pad 
area, with the maximum number of drums stored in April 1965, based on historical photographs 
(RMRS 1995a). A description by Catkins (1970) of the drums that were stored at the drum 
storage site follows: 

“Most of the drums transferred to the field were nominal 55-gallon drums, but a 
significant number were 3 0-gallon drums that were not completely full. Approximately 
three-fourths of the drums were plutonium contaminated, while most of the balance 
contained uranium isotopes. Of those containing plutonium, most were lathe coolant 
consisting of a straight-chain hydrocarbon mineral oil (Shell Vitrea) and carbon 
tetrachloride in varying proportions. Other liquids were contained, including hydraulic 
oils, vacuum pump oil, trichloroethylene, perchloroethylene, silicone oils, and acetone 
still bottoms. Originally, contents of the drums were indicated on the outside, but these 
markings became illegible through weathering and no other records were kept on the 
contents. Oil leakage was recognized, and in 1959 (or possibly earlier) ethanolamine 
was added to the oil to reduce the corrosion rate of the steel drums.” 

As noted in Catkins (1970), drum leakage was observed at the 903 Pad Drum Storage Site as 
early as 1959. Initial corrective action consisted of transferring the contents of the leaking drums 
to new drums and installing a fence around the area to restrict access. Approximately 420 drums 
showed evidence of leakage, and of these, an estimated 50 leaked their entire contents (Dow 
Chemical, 1971). Approximately 5,000 gallons of liquid (Freiberg, 1970) containing an 
estimated 86 grams (g) of plutonium (5.3 Curies [Ci]) leaked into the soil (Dow Chemical, 
1971). 

A heavy rainstorm in August 1967 caused contaminants to migrate into a ditch south-and 
southeast of the drum storage site (Dow Chemical, 1971). During an investigation conducted by 
the Atomic Energy Commission (AEC) Health and Safety Laboratory (HASL), it was estimated 
that as much as 125 g total of plutonium-239 (7.7 Ci) were released from the drum storage site 
and redistributed by winds ( k e y  and Hardy, 1970). 

From 1968 through 1969, some of the radiologically contaminated soil material was removed, 
the surrounding area was regraded, and much of the area, including the 903 Lip Area, was 
covered with a clean road base. An asphalt cap was constructed over the fenced drum storage 
area in October 1969 (Frieberg, 1970). a 

“I 
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During radiological monitoring of the 903 Pad in 197 1, four “hot spots” were identified. This 
lead to the removal of 3 1 kilograms (kg) of depleted uranium and up to 10.3 milligrams (mg) of 
plutonium from beneath the asphalt cover. During sampling activities associated with this 
removal action, an oil layer, contaminated with depleted uranium, was discovered in two separate 
boreholes at depths of 45.7 and 76.2 centimeters (cm) (1 8 inches and 30 inches respectively) 
below ground surface (bgs). A clay layer was observed beneath the contaminated zone. Because 
no contamination was found below the clay layer, it was believed that the clay layer served as a 
natural barrier to downward migration of contaminants. However, the OU 2 RFI/RI (DOE, 
1995) identified radiological contamination at decreasing concentration from 0.6 to 6 meters (2 
to 10 feet respectively) at the 903 Pad. 

During drum storage, removal and cleanup activities associated with the 903 Pad Drum Storage 
Site, wind and rain redistributed plutonium beyond the 903 Pad. Contamination was primarily to 
the south and east, extending to the southeast perimeter road creating IHSS 155, the 903 Lip 
Area (Figure 2-2). An estimated 16 g of plutonium-239/240 were redistributed beyond the 
asphalt pad, in an area exceeding 2,000 acres (RMRS, 1995). This area outside the 903 Lip Area 
is referred to as the Americium Zone. 

2.2 

The Reactive Metal Destruction Site, also know as the Hazardous Disposal Area is located on the 
hillside south of the 903 Pad. This site was used during the 1950s and 1960s primarily for the 
destruction and disposal of lithium (Li) metal. Approximately 400 to 500 pounds of metallic Li 
were destroyed on the ground surface in this area and the residues, primarily nontoxic Li 
carbonate, were buried. Smaller unknown quantities of sodium pa ) ,  calcium (Ca), magnesium 
(Mg), solvents and unknown liquids were also destroyed at this location. Additionally, nickel 
carbonyl and iron carbonyl were potentially disposed in this area in 1969 (Illsey, 1978). 
Historical references do not indicate the method by which constituents were destroyed at the site. 

Reactive Metal Destruction Site (IHSS 140) 

@ 

2.3 Americium Zone and OU 1 

The Americium Zone is identified as areas outside OU2 IHSSs which have been impacted by 
windblown contaminants. This area is located east and south of the 903 Lip Area. Surface soils 
in OU 1 have been administratively included into the Buffer Zone OU and evaluated with surface 
soils in the 903 Lip Area and Americium Zone. 

2.4 Physical Characteristics of the Study Area 

The study area is located in the southeast portion of the Buffer Zone surrounding the WETS. 
Surfical geologic units within the study area include alluvial, hillslope, and anthro-pogenic 
deposits. The 903 Pad, Lip Area, and Reactive Metal Destruction Site are located on the Rocky 
Flats Alluvium. Artificial fill is present at the 903 Pad and Lip Area. The Americium Zone is 

@ 
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located within the Rocky Flats Alluvium and hillslope deposits. Geologic, hydrogeology and 
geochemisty of the study area may be found in numerous reports including: 

Final Phase I1 RFI/RI Report, 903 Pad, Mound, and East Trenches Area, Operable Unit No. 
2. (DOE, 1995). 
Geologic Characterization Report for the Rocky Flats Environmental Technology Site 
(EG&G, 1995) 
Groundwater Geochemistry Report of the Rocky Flats Environmental Technology Site 
(EG&G 1995) 
Hydrogeologic Characterization Report for the Rocky Flats Environmental Technology Site 
(EG&G, 1995) 

3.0 PREVIOUS INVESTIGATION RESULTS 

Numerous investigations into the extent of radiological contamination in surface and subsurface 
soils have been conducted at the 903 Pad and 903 Lip Area. These investigations include the 
original groundwater monitoring wells installed in 1968, pre-surface 903 Drum Storage Area 
plutonium survey (Owens, 1968), post-surface 903 Pad gamma surveys (Rutherford, 198 l), soil 
sampling beneath the 903 Pad (Stevens et. al., 1982), aerial radiological surveys (EG&G, 1989), 
ground radiological surveys (EG&G, 1990 & 1994), surface soil sampling, and subsurface soil 
sampling in support of the OU 2 RFI/RI (DOE, 1995) as well as recent samples to support the 
actinide migration studies. These investigations are discussed below. 

3.1 Surface SoiI Investigations 

Numerous surface soils investigations have been conducted within the study area beginning 
shortly after the removal of drums at the 903 Pad in 1969. The following sections provide a 
description on surface soil investigations conducted in the area. 

3.1.1 Pre-903 Pad Plutonium Survey 

J. B. Owen’s (1968) correspondence to J. Seastone, provided in Appendix A, documents the 
results of a 1968 survey into the plutonium contamination at the 903 Pad. The correspondence 
describes the techniques used, conditions in the area during the survey, survey results, and Health 
Physics’ recommendation for corrective action. 

As described in Owen’s correspondence, prior to the placement of the asphalt at the 903 Pad, a 
radiological survey was conducted which with readings taken on a 25-foot grid. The survey was 
conducted on relatively dry soils which were generally unvegetated inside the fenced area. 
Vegetation outside the fenced area was described as heavy and may have impacted the survey by 
preventing direct placement of the instrumentation on the ground surface. The correspondence 
states that the contamination was carried into the soil by a liquid and that the soil conditions 0 
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within the fenced area do not permit accurate penetration determination. However, “a spot 
survey in the southwest section indicated 60 micrograms (Pu) per square meter of pad area at a 
depth of 8 inches with no indication of having reached the limit of penetration”. 

For purposes of this data summary, these data are considered qualitative. Owens (1 968) 
correspondence does not state the specific instrumentation used to perform the survey. It does 
state that information used to convert the survey results to micrograms per square meter was 
obtained from the Emergency Radiation Monitoring Team Training Manual. A map presenting 
the results of the survey in micrograms per square is provided in Figure 3-1 [from Owen’s 
(1968)l. 

3.1.2 Pre-Surfaced 903 Drum Storage Area Plutonium Survey 

Rutherford (1 98 1) re-evaluated the 1968 survey. He concluded the 1968 survey measured the 
plutonium activity for 2-ft diameter circle (field of view). A map presenting the results of the 
survey is provided in Figure 3.1, however, the 903 Pad storage fence and buildings were not 
included. The relative position of the survey and resulting isopleths cannot be determined 
without review of the original map provided by Owen’s (1968) (Figure 3.1). 

3.1.3 

Rutherford (1 98 1) also includes the results of a gamma survey conducted in 1 97 1 on the surface 

Gamma-Ray Survey of AsDhalt Pad 

of the asphalt pad. Four areas of contamination spots were sampled for radiochemical analysis. 
The analytical results indicated that no vertical migration had taken place and that contamination 
was restricted to 0 - 20 cm (0-68 inches) depth interval or less below the original ground surface. 
Analytical results were not published in the report. The gamma survey results indicated that 
“except for several areas that were sufficiently high in radioactivity to distinguish from 
background, the survey in general could not distinguish between contamination under the pad 
and natural radioactivity in the asphalt”. A copy of the gamma survey map is provided as Figure 
3-3. 

3.1.4 High Purity Germanium (HPGe) Surveys 

Numerous HPGe surveys have been conducted at the WETS to provide a baseline radionuclide 
activity in surface soils and to determine subsequent impacts on surface soils at the RFETS. 
Summaries on the most recent HPGe surveys are provided below. These data provide the 
conceptual basis for assessing the volume of soil requiring remediation. 
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e 
3.1.4. I Aerial Radiological Survey of the US DOE’S Rocky Flats Plant - July 1989 

Allegations of a criticality accident at the site prompted an aerial HPGe radiological survey of 
the area in June of 1989 (EG&G, 1990). A series of parallel lines were flown over 48 square 
miles of the site. Specifically, the survey was oriented to cover the site and the natural drainage 
area leading away from the plant. The flights were conducted at an altitude of 150 ft above the 
ground surface with flight lines spaced 250 feet apart. 

The survey consisted of airborne measurements of both natural and man-made gamma radiation 
from the terrain in and around the plant. These measurements allowed an estimate of the 
distribution of isotope concentrations in the survey area. Results are reported as contour maps of 
total terrestrial exposure rate, man-made count rate, americium-241 count rate, and cesium-1 37 
count rate isopleths superimposed on aerial photographs of the area. The contours presented on 
maps represent concentration ranges of 0-50, 50- 120, 120-240, 240-600, 600-2,400,2,400-9,600, 
and 9,600-38,400 cpm. 

The americium-24 1 map (Figure 3-4) presents 50- 120 cpm contour intervals for the 903 Pad. 
The contours sharply increase from the 903 Pad to the Lip Area where they increase to 
concentrations of 600 to 2400 cpm. These concentrations decrease from the Lip Area eastward 
to 240 -600 cpm in a small area adjacent to the 903 Lip Area perimeter road. Concentrations 
gradually decrease to 50 cpm to the east with three isolated areas with higher concentrations (50- 
120 cpm) present 3,000 feet east of the 903 Pad. @ 

Ground measurements were obtained at the same time as the aerial survey to correlate the two 
measurements. Ground measurements were obtained by either a truck mounted or a tripod 
mounted detector. In addition, soil samples were collected and analyzed at each ground 
measurement location. The report states that an excellent comparison of the activity 
concentration existed between the three analyses (soil samples, in situ HPGe, and aerial HPGe). 

3.1.4.2 In-Situ Survey of the US DOE’S Rocky Flats Plant 

In 1990, an in-situ radiological survey was performed over WETS (EG&G, 1991). The area east 
of the 903 Lip Area was surveyed from November 8 through December 8, 1990. The survey was 
conducted utilizing a 20% N-type, HPGe gamma ray detector suspended 7.5 meters above 
ground surface. Measurements were obtained with a field of view with 1 %)-foot centers. The 
results assume a homogeneous, three-dimensional distribution of the species within the soil 
matrix and averaged over the top 3 cm (1.2 in.) of soil. No soil samples were collected in 
support of this field effort. 

The results, presented as isoconcentration contours, indicate americium-24 1 activities ranging 
from 1 pCi/g to 60 pCi/g adjacent to the road west of the 903 Lip Area. Figure 3-5 presents the 
map generated for the report. 

@ 
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3.1.4.3 1994 In-Situ HPGe Survey of the 903 Pad and 903 Lip Areas 

A truck-mounted HPGe survey was conducted in June 1994 (RMRS, 1996) over part of the 
Americium Zone east of the 903 Pad and over the 903 Lip Area. The survey measured the 
average activity of actinides over a specific field-of-view (FOV) of 150 feet in diameter. The 
survey identified 35 FOV locations, many which are contiguous, where estimated amerinium- 
241 activities were above 10 pCi/g (Figure 3-6). The HPGe survey of the area east of the 903 
Lip Area correlates very well with the HPGe survey conducted in 1990 by EG&G. This 
correlation was observed by comparing no concentration maps from Figure 3-5 with HPGe 
measurements presented in Figure 3-6. 

3.1.5 RFI/RI Surface Soil Investigations 

The CDH sample method involves collection of 25 group samples over a 2.5-or 10-area plot, 
with a sample depth of 0.64 cm. The 25 grab samples are composited for the plot. The RF 
sampling method collects a soil sample to 2 inches in depth. The RF sampling method involves 
the compositing of 10 grab samples collected over a 3 square meter area in the center of each 2.5- 
or 10-area plot. The RF method was conducted by collecting one composite sample at the center 
of each plot previously sampled using the CDH sampling method. Figure 3-7 illustrates how the 
samples are collected for each of the two methodologies. 

Investigations for the OU 2 Phase I1 RFI/RI and OU 1 Phase I11 RFI/RI included collection of e 
surface soils from the study area. The OU 2 Phase 11 RFI/RI included the collection of surface 
soils from 1 18 plots and 26 soil profile pits. Surface soil samples from plots were collected 
utilizing both the CDH and RF methods. Soil profile pits were sampled using a trenching 
method. 

Surface soil samples were collected from 34 plots for the OU 1 Phase 111 RFI/RI. The samples 
were collected utilizing a modified RF method. The modification included the compositing of RF 
samples collected at five locations within each selected plot. 

Surface and subsurface soil radiological data were evaluated according to Procedure 2.G32-ER- 
ADM-08.02, Evaluation of ERM Data for Usability in Final Reports. The procedure is based on 
the relationship of data to the data quality objectives. This evaluation determines the adequacy 
of radiochemistry data for use in environmental decision making. Numerous data were deleted 
from the data set based on this evaluation. Appendix B provides the draft report presenting the 
results of the usability evaluation (RMRS, 1997). 

Surface soil contamination levels were compared against RFCA Tier I soil action levels to 
establish an estimate on the areal extent of contaminated soils requiring remediation. This 
scenario assumes an annual radiation dose of 85 millirem (mrem). If a mixture of radionuclide 
contaminants a, b, c are present in the soil in the activities a,, ab, and a, and if the applicable 

i ‘i 
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action level of radionuclide in soil, as stated in RFCA, is A,, A,, and A, respectively, then the 
activity in the soil shall be limited so that the following relationship exists: 

Plutonium-239/240 
Uranium-234 

(eq. 2.1) 

1429 
1738 

If the sum of ratios, as calculated in the equation 2.1, exceeds 1, this will trigger an evaluation, 
remedial action, andor management action. 

Uranium-235 
Uranium-23 8 

Table 3-1 presents the RFCA Tier I action levels for specific radionuclides using the Buffer Zone 
hypothetical resident scenario. 

135 
586 

TABLE 3-1 

RFCA ALF TIER I SOIL ACTION LEVELS - RADIONUCLIDES 

I Americium-24 1 I 215 I 

3.1.5.1 CDH Sampling Method - Spatial Extent/Fate and Transport Study 

The CDH sampling method was conducted to determine the spatial extent of radiological 
contamination within OU 1 and OU 2. Four 2.5-acre plots (Plots 2 1,22, 30, and 3 1) and seven 
10-acre plots (Plots 0, 1, 3 ,4, 10, 11,and 23) were sampled in support of the OU 1 Phase I11 
RFI/RI (DOE, 1994). The remaining 107 plots were sampled in support of the OU 2 Phase I1 
EWI/RI (DOE, 1995). Figure 3-8 provides the locations of the plots sampled in support of these 
programs. 

These data were summarized in Litaor (1 995a). Isopleth maps were generated for plutonium- 
239/240 and americium-24 1 from these data. Litaor (1 995b) also evaluated isotopic uranium data 
generated from this investigation. Most of the observed activities of U-234 and U-235 were well 
within the natural range of U isotopes in soils. Uranium-238 exhibited a pattern of localized 
spatial distribution, however, most of the observed activity was well within the natural range of 
U-238 activity in soils. 

Table 3-2 provides analytical results for radionuclides from the OU 2 Phase I1 RFI/RI and RF'CA 
Tier I ratios and sum of ratios for the samples collected using the CDH sampling method. The 0 
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results indicate that the sum of ratios for radionuclides from two 2.5 acre areas, Plots 28 and 34, 
exceed RFCA Tier I action levels. Based on the nature of the sampling method, the analytical 
results represent the physical average of radionuclides in the respective plot. Figure 3-9 provides 
the locations of plots exceeding RFCA Tier I action levels for radionuclides. 

0 

3.1.5.2 RF Sampling Method - Spatial Extent/Fate and Transport Study 

A comparative study was conducted to assess actinide activity using the CDH and RF sampling 
methods. This included the sampling of 1 18 plots identified in the OU 2 Phase I1 RFIRI report 
using the RF sampling method. However, only data from 107 plots were available. 

Plutonium-239/240 data from 103 plots and americium-241 data from 93 plots were determined 
to be useable based on an evaluation of radiological data (Appendix B). It was determined that 
differences in radionuclide results determined from the CDH sampling and RF sampling methods 
were not statistically significant (Litaor, unpublished). 

Table 3-3 provides analytical results for radionuclides and RFCA Tier I ratios and sum of ratios 
for samples collected for the RF sampling program. The surface soil results indicate that the sum 
of ratios for radionuclides from three 2.5 acre areas, Plots 29, 36, and 46, exceed RFCA Tier I 
action levels. Based on the nature of the sampling method, the analytical results represent the 
physical average of radionuclides over the area sampled or 3 square meters at the center of each 
plot. Figure 3- 10 provides the sample locations using the RF sampling method exceeding the 
RFCA Tier I surface soil action levels. 

@ 

3.1.5.3 OU 2 Modified RF Sampling Method - Human Health Risk Assessment Study 

An additional investigation was conducted to assess the potential human health risks associated 
with exposure to OU 2 surface soils. This investigation was designed to evaluate the nature and 
extent of non-radioactive contamination (SVOCs, metals, and pesticides/PCBs) as well as 
radioactive contamination, excluding americium-24 1, plutonium-239/240, and uranium-isotopes. 
Radionuclides analyzed for this investigation include cesium- 134, - 137, gross alpha, gross beta, 
radium-226, radium-228, and strontium-89, -90. 

The OU 2 study area was divided into 9,126 contiguous 50 feet by 100 feet plots. Forty plots 
were systematically selected for sampling. Six of the forty were biased plots selected for 
sampling because they were located within IHSSs potentially containing contaminated surface 
soils. The remaining 34 plots were evenly spaced throughout the OU 2 area. One composite 
sample was collected from each of the plots using a modification of the RF method. The 
locations of the soil samples collected in support of the human health risk assessment study are 
provided in Figure 3-1 1. 

@ 
Non-radiological compounds in surface soils were found to be less than the Tier I action levels 
and therefore do not require any action under RFCA. 
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e 
3.1.5.4 OU 2 Soil Profile Sampling Program 

Twenty-six soil profile pits were excavated and sampled to determine actinide distribution, fate 
and transport in soil for the OU 2 Phase I1 WI/RI. Figure 3-12 provides the pit sample locations. 
Ten soil samples were collected per pit for the following depth intervals (in cm): 0-3,3-6, 6-9, 
9-12, 12-18, 18-24,24-36,36-48,48-72 and 72-96. (Per RFCA, the top 6 inches (15.24 cm) is 
considered surface soil.) Samples were analyzed for plutonium-23 9/240, americium-24 1 and 
uranium-233/234, -235, and -238. More than 90% of the plutonium-239/240 and americium-241 
activities were confined to the upper 12 cm of the soil, regardless of the soil characteristics or 
distance and direction from the source (Litaor et. al., 1994). 

Table 3-4 provides analytical results for soil profile radionuclides and RF'CA Tier I ratios and 
sum of ratios for samples collected from these pits. The soil sample results indicate that only 
samples from Pit TR 08 exceed RFCA Tier I action levels sum of ratios for radionuclides to a 
depth of 27 cm (10.68 in.). Table 3-5 provides the sum of ratios for radionuclide samples 
collected from Pit TR08. Pit TR08 is located in Plot 28 where CDH samples exceed Tier I soil 
action levels. Samples collected from Pit TR06 (Figure 3- 12) exceeded DOT shipping 
restrictions and were not analyzed. Pit TR06 is also located in Plot 28. It is assumed that 
radiological contaminants exceed Tier I action levels below the surface soil level of 15 cm at this 
location due to its exceedance of the DOT shipping restrictions. 

TABLE3-5 

SOIL PROFILE PIT TR08 
RFCA TIER I SUM OF RATIOS COMPARISON - RADIONUCLIDES 

TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 

3-6 
6-9 
9-1 2 
15-21 
21 -27 
33-39 
45-51 
69-75 
93-99 

TR00331 WCU2 
TR00330WCU2 
TR00329WCU2 
TR00328WCU2 
TR00327WCU2 
TR00326WCU2 
TR00325WCU2 
TR00324WCU2 
TR00323WCU2 

3.2948 
3.2540 
7.6719 
2.0584 
2.2325 
0.41 19 
0.0165 
0.0013 
0.0099 
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3.1.5.5 OU 1 Surface Soil Sampling Program 

In addition to the 11 plot samples collected in OU 1 during the OU 2 Phase I1 WI/RI field effort, 
surface soil samples were collected for the OU 1 WI/RI. The OU 1 Phase I11 W I N  Surface 
Soil Sampling Program was designed to determine the nature and extent of contamination and 
assess potential human health risks from exposure to the soils. Samples were collected over a 
grid covering approximately 52 acres. The OU 1 area was divided into 450, 50- by 100-foot 
contiguous rectangle plots, which were sequentially numbered. Twenty-four of the plots were 
selected for sampling using a random number generating process. Four additional sampling 
locations were also selected to characterize IHSSs 106, 130, 1 19.1 and 1 19.2. 

The samples were collected utilizing the W sampling method (Explained in Section 3.1.5). 
Table 3-6 provides analytical results, RFCA Tier I values and sums of ratios for samples 
collected for this program. Figure 3- 13 provides the locations of the soil sampling plots. 

3.1.6 Ongoing Surface Soil Investigations 

RFCA sets forth action levels and standards which incorporate land- and water-use controls in 
WETS cleanup decisions. The soil action levels are calculated using a radiation dose limits 
based upon certain land use restrictions. The soil action levels were not intended to consider the 
transport of soil containing actinides to surface water. RFCA states that the protection of surface 
water usage with respect to long-term Site condition will be the basis for making soil and 
groundwater remediation and management decisions. Therefore, it is necessary to develop a 
conceptual model to better understand the relationship of the actinide levels in soils and the 
effect of remedial activities on the long-term protectiveness of surface water quality. 

e 

In 1996 the Actinide Migration Expert Panel was formed to review existing data on actinide 
migration at WETS and make recommendations for future work. Their recommendations 
included activities to: 

1) Develop a conceptual model for actinide transport, based on a thorough understanding of 
chemical and physical processes; 

2) Investigate the long-term impacts of actinide geochemistry mobility on remedial 
requirements; and 

3) Evaluate the protectiveness of the RFCA soil action levels to surface water quality. 

In June 1997 the Actinide Migration Expert Panel collected 6 surface and subsurface soil 
samples located in Plot 34 (Figure 3-8). The purpose of the investigation was to provide 
preliminary plutonium phase speciation and soil distribution coefficients (KJ values for 903 Pad 
area soils. A final report is to be delivered to Kaiser-Hill by September 30, 1997. 
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3.2 Subsurface Soils Investigation 
0 

11,900 
940 

1,400 
8,000 
4,500 

14,000 
17.000 

Subsurface soils are defined in RFCA as soils deeper than six inches below the ground surface. 
Subsurface soils were investigated through soil gas surveys, borehole sampling programs, and 
soil pit investigations. 

5,360 1,400 636 6.71 
423 620 279 1.59 
631 1,100 495 2.74 

3,604 1,000 450 4.62 
2,045 4,200 1,892 10.23 

13.00 6,306 4,100 1,846 
7.658 5.000 2.252 15.83 

3.2.1 Initial Testing of Pilot Scale Equipment for Soil Decontamination Proiect 

This report provided data identifying radioactive contamination, specifically plutonium-239 and 
americium-241, beneath the 903 Pad. Six samples were collected under the 903 Pad, identified 
as P-1 through P-6. The locations of these samples, provided by Rockwell (1977), are presented 
in Figure 3-14. The samples were collected to a depth required to reach a soil activity 5250 
d p d g  as detected by field instrumentation and may represent the vertical extent of radioactive 
contamination beneath the 903 Pad. The results were compared to RFCA Tier I action levels. 
Results of the sample analyses and Tier I sum of ratios are provided in Table 3-7. 

Two additional samples, Samples A and B, were taken adjacent to the southeast corner of the 903 
Pad in windblown soil material prior to the placement of the asphalt cap. However, exact 
locations of these samples has not been determined. 

TABLE3-7 

SOIL DECONTAMINATION SAMPLING PROGRAM 
RFCA TIER I SUM OF RATIOS COMPARISION - RADIONUCLIDES 

B 
P- 1 
P-2 
P-3 
P-4 
P-5 
P-6 

Surface 
0.46 
0.61 
0.56 
0.66 
0.6 1 
0.61 

* Below top of asphalt. 



Rocky Mountain Remediation Services Document Number: RF/RMRS-97-086-UN 

and Americium Zone Data Summary Date 09/22/97 
Page 13 of 63 

903 Drum Storage Area, 903 Lip Area, Revision: 0 

8 
3.2.2 RFI/RI Subsurface Soil Investigations 

The OU 2 Phase I & I1 RFI/FU investigation included the completion of a number of boreholes 
and soil profile pits. The foIIowing sections provide the results of these subsurface 
investigations. 

The OU 2 Phase I RFI/RI field program was completed in 1987 and a Draft Remedial 
Investigation Report for 903 Pad, Mound, and East Trenches Area (Rockwell International, 
1987) was submitted to the EPA and CDH in December of 1987. Soil samples were collected for 
two-foot intervals from a total of 33 boreholes to evaluate the nature and extent of soil 
contamination. No surficial(0-6 in.) soil samples were collected in support of this investigation. 
The Phase I RFI/RI field investigation lead to the general conclusions that VOC and radionuclide 
contamination exists in soil, surface water, groundwater, and sediments around several IHSSs, 
but the distribution and magnitude of the contamination needed to be better delineated. 

The OU 2 Phase I1 R F I N  investigation involved collecting additional borehole samples, surface 
soil samples and installing groundwater monitoring wells. The following discusses the results of 
the Phase I and I1 RFI/RI in relation to the study area. 

3.2.2.1 Borehole Programs 

903 Pad- Seven source boreholes (Figure 3-15) (06691,08691,08791,08891,08991,09091, 
and 09191) were installed at the 903 Pad in support of the OU 2 Phase I1 RFI/RI. Analytical data 
from samples collected from these borings was compared to RFCA action levels. The sum of 
ratios for radionuclide results indicate that all sample results were below the RFCA Tier I action 
levels. Table 3-8 provides the sum of ratio values for borehole samples collected in support of 
the OU 2 Phase 11 RFI/RI. No VOC concentrations above the RFCA Tier I action levels were 
detected. 

903 Lip Area - Fifteen source boreholes and three additional boreholes for installation on 
groundwater plume characterization wells (00 1 9 1, 0659 1, 0679 1, 0689 1, 0699 1, 0709 1, 07 19 1, 
07291,07391,09391,09591, 13091,34591,34791, BH2287, BH2387, BH2487, BH3087) were 
installed in the 903 Lip Area (DOE, 1995). Data were available from RFEDS on all samples 
collected from these boreholes with the exception of boreholes 00 191, 3459 1, and 34791. 
Radiological results from boreholes 0939 1 and 0959 1 were rejected during validation and, 
therefore, eliminated from the data summary database. The useable sample results were 
compared to RFCA Tier I action level and the sum of ratios for radionuclides were calculated. 
No sample sum of ratios for radionuclides exceed the Tier I action levels. 

Reactive Metal Destruction (IHSS 140) - Nine source boreholes (07491,07591, 0769 1, 099 1, 
0979 1, 1279 I ,  BH2687, BH2787, BH2887) were completed. 
compared to the RFCA Tier I action levels for radionuclides. 
that no samples exceed the action levels for radionuclides. @ 

Data from these boreholes were 
The comparison results indicated 
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903 Pad Source Area (Western Portion) (Americium Zone) - Seventeen boreholes (0029 1, 
00391,00491,00591,00691,00791,00991,01091,01191,01291,05991,11791,12991,13591, 
20791, B3 15289, BH2987) were completed in the area east of the 903 Pad. These borehole 
locations are primarily east and south of the 903 Pad on the south-facing slope of the Woman 
Creek drainage. However, radiological soil sample results from only three locations 0029 1, 
BH2987, and B3 15289 were available. RFCA Tier I comparisons indicate that no subsurface 
soil samples from these boreholes exceed the action levels. 

3.2.2.2 OU 2 Soil Profile Sampling Program 

Soil Profile (Pits 1-26) Sampling Program - The soil profile sampling program was conducted 
in support of the investigations of actinide distribution, fate and transport in soil for the OU 2 
Phase I1 RFI/RI. Ten soil samples were collected at predetermined intervals to a depth of 1 
meter at all locations. Soil profile sampling has been previously discussed in the surface soil 
section above. Samples from only one location, Pit TR08, exceed RFCA Tier I action levels to a 
depth of 27 cm (10.68 in.). This pit is located in Plot 28, also identified as exceeding Tier I soil 
action levels based on the CDH sampling program. In addition, samples collected from Pit TR06 
exceed DOT shipping restrictions and were not analyzed. Pit TR06 is also located along the 
western edge Plot 28. Figure 3-12 provides the pit sample locations exceeding the RFCA Tier I 0 surface soil action levels. 

3.2.3 OU 2 Soil Vapor Survey 

A soil gas study (DOE, 1994) was conducted in May/June 1993 to locate high VOC 
concentrations in the subsurface soil for the OU 2 soil vapor extraction project. The soil gas 
survey sampled areas where aerial photos taken prior to capping of the 903 Pad showed stained 
soils. 

The soil gas survey consisted of 71 samples collected at a depth of 5 feet bgs during the summer 
of 1993 and one location sampled at a depth of 10 feet bgs in January 1994. The samples were 
collected and analyzed using portable gas chromatography. The survey observed the highest 
concentrations immediately south of the southeast corner of the 903 Pad, at 27,000 ug/l 
tetrachloroethene at a depth of five feet. However, at the adjacent soil gas locations and 
subsequently completed boreholes, tetrachloroethene was either not detected or detected at very 
low concentrations. Soil gas concentrations for the rest of the 903 Pad ranged from 0 to 500 ug/l 
with the next highest concentrations near boreholes 08891 and 08691 (see Figure 3-16). 
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3.3 Groundwater 

Groundwater results are used to confirm the radiological & VOC contaminated areas and are 
available beginning in 1975. The Site groundwater monitoring program continues to monitor 
numerous wells within the study area. Results from groundwater monitoring programs are 
provided below. 

3.3.1 Original Groundwater Monitoring Wells 

Four groundwater monitoring wells were installed at each corner of the 903 Pad in 1968. The 
wells were installed above the water table at the site and reportedly seldom encountered 
groundwater. Yoder (1 98 1) provides radioactivity data on these wells semi-annually from May 
1975 to March 198 1. These data indicate all wells were dry during this time period with the 
exception of wells 01 68 and 0268 for the April 1980 sampling event. Groundwater samples from 
both wells were below the detection limits (shown in parentheses) for plutionium-239/240 (0.04 
pCi/L), americium-241 (0.9 pCi/L) and total uranium (0.07 pCi/L). Tritium was detected at 
1,400 pCi/L in well 0168 and at 80 pCi/L in well 0268. 

3.3.2 Groundwater Contamination 

High concentrations of VOCs are present in groundwater samples collected from wells at the 903 
Pad. Concentrations up to 10 percent of the pure phase solubility of these compounds and 
substantially above RFCA Tier I action levels for groundwater were detected. The EPA (1992) 
provides guidance in Estimating Potential for Occurrence of Dense Non Aqueous Phase Liquids 
(DNAPL) at Superfund sites for determining the likelihood of DNAPL at a site. Based on the 
conditions of historical site use and characterization data, there is a high potential for DNAPL at 
the 903 Pad site. 

A VOC-contaminated groundwater plume extends from the 903 Pad area to the east. The highest 
concentrations are found in groundwater samples collected from wells 06691 and 08891 located 
on the asphalt portion of the 903 Pad (Figure 3- 15). Table 3-9 provides analytical results of 
groundwater samples collected from wells in the 903 Pad area. Concentrations of contaminants 
in groundwater drop rapidly east of the 903 Pad area. The primary groundwater contaminant in 
well 0669 1 is carbon tetrachloride and concentrations have ranged from 5 1 to 100,000 ppb. Also 
present are methylene chloride (1 50 to 35,000 ppb) and chloroform (92 to 49,000 ppb). 
Groundwater sample results for well 08 89 1 indicate the primary contaminant as tetrachloroethene 
at concentrations ranging from 470 to 20,000 ppb, along with carbon tetrachloride (290 to 17,000 
ppb), cis-l,2,dichloroethene (94 to 2,900 ppb) and trichloroethene (2 10 to 4,600 ppb). The next 
highest concentration of carbon tetrachloride in groundwater is found in samples collected from 
well 13 191, which is located west of the well 0669 I and off the western edge of the 903 Pad. At 
this location, observed carbon tetrachloride levels ranged from 122 to 4,800 ppb. 
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Radionuclide contamination in groundwater was analyzed from 199 1 to 1995 for the 
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1 

Radionuclide contamination in groundwater was analyzed from 199 1 to 1995 for the 
groundwater monitoring wells identified as containing VOC contamination discussed above. 
Groundwater analytical data indicates that one well, 09091 located on the 903 Pad, contains 
americium and plutonium activity in excess of Tier I action levels for groundwater. This well 
contains groundwater with maximum activities of 46.54 pCi/L of plutonium-2391240 and 354.6 
pCiL of americium-24 1. No groundwater collected over this period detected any uranium- 
isotope in excess of its respective background activity. Table 3-10 provides analytical data for 
radionuclides in groundwater samples with detections above Tier I1 action levels. 

3.4 Previous Remedial Actions 

3.4.1 Surface Soils 

Surface soil remedial actions have taken place at the site beginning in 1968 with the regrading 
(removal) of contaminated soils from outside the 903 Drum Storage Area. Surface soil removal 
actions have also taken place in 1976, 1978, 1984, and 1995. The following sections provide 
summaries on previous removal actions within the study area. 

3.4.1. I Initial Remedial Actions 

0 Frieberg (1 970) provides a chronology of the initial remedial actions taken at the 903 Drum 
Storage Area. The correspondence (Appendix C) provides the following information: 

pate Activitv 

July 1968 A survey was conducted of the plutonium contamination on the surface of 
the soil in the 903 Area. The results of the survey and the Health Physics’ 
recommendations-for the containment of the contamination were sent to 
Division Services, Manufacturing and Facilities. 
Weeds and vegetation were burned offthe 903 drum storage area in 
preparation of applying an asphalt cap. 
Grading of slightly contaminated soils outside the hot fence was conducted 
in preparation to applying an asphalt cap over the area. This work 
consisted of moving the slightly contaminated soils outside the fence into the 
fenced area in preparation of the cap. 
The hot fence was packaged and shipped as waste. 
Three more waste crates were packaged and shipped@om the 903 Area. 
Two highly contaminated jbrk llfts were placed into wooden crates and 
shipped as hot waste. 
33 drums of contaminated rocks were removed from the 903Area and 
discarded as hot waste. Building 904 was decontaminated and removed to 
a location east of the Fire Barn. The road grader used to move 

October 1968 

November 1968 

January 1969 
February 1969 
April 1969 

May 1969 
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Activitv 
0 

contaminated soils was decontaminated and released to surplus. 
Building 903 was moved to a location immediately east of Building 666. 
The base course material overlay, the soil sterilant, and the asphalt primer 
cat were completed for the 903 containment barrier (cap). 
The asphalt cap was applied. 
The four groundwater monitoring wells were installed. 
Operations were initiated to apply additionalJill over the surrounding area 
directly east of the 903 Pad due to soil contamination. 
AdditionalJill operations were completed. 
As of April 3, no water was detected in any of the wells installed. 

July 1969 
September I969 

October 1969 
November 1969 
February I970 

March I970 
April 1970 

This correspondence confirms that contaminated soils outside the 903 Drum Storage Area fence 
were graded into the fenced area prior to the application of the asphalt of the 903 Pad. In 
addition, the correspondence states that the contaminated area east of the 903 Pad, was covered 
with a base coarse material. 

3.4.1.2 1975 Remediation Effort at the 903 Lip Area 

@ In 1973, an aerial radiological survey detected radiological concentrations in the 903 Lip Area 
that were greater than 2,000 counts per minute (cpm). On May 13 and 14, 1975 personnel 
excavated two trenches in the 903 Lip Area as a pilot scale test for soil removal techniques 
(Barker, 1982). The locations of these trenches and depths of the excavations was not described. 
Eight 55-gallon drums of soil were removed from the 903 Lip Area. Ambient air monitoring 
during excavation did not detect plutonium in concentrations that would endanger onsite 
workers, the public, or the environment. Based on the results of this removal effort, a plan for 
removing the plutonium contamination from the 903 Lip Area was developed and work 
commenced the summer of 1976. 

3.4.1.3 Removal of Plutonium-Contaminated Soil from the 903 Lip Area During 1976 
and 1978 

In 1976, approximately 113.3 cubic meters (4,000 cubic feet) of soil were removed from within 
the 903 Lip Area (Barker, 1982). The removal operation was conducted within a 8 foot by 16 
foot floorless metal building equipped with a high efficiency particulate air (HEPA) filter. 
Contaminated soil was hand excavated from one small area at a time and placed in plastic bags. 
The bags were placed in full crates for off site shipment and disposal. The excavated area was 
surveyed with a Field Instrument for the Detection of Low Energy Radiation (FIDLER). The 
process was repeated until contamination levels were below the “detection limit” of the FIDLER 
(-250 cpm in the Lip Area). The excavated area was covered with clean topsoil and re-seeded 
with native grasses. 

n 
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Soil removal activities were conducted again in 1978 when an estimated 4,000 square meters 
(43,000 square feet) of soil that exceeded 2,000 cpm was removed to a depth of approximately 
3.5 cm (1.4 in.). This effort utilized heavy equipment including a front end loader, grader and 
bulldozer. Hand digging was only conducted in areas that were inaccessible to heavy equipment. 
Prior to excavating soils the area was premoistened by a sprinkler system for three days. A 
moisture content of 15% was required prior to excavation activities to prevent dust generation. 
The report states that all soils in excess of 2,000 cpm, as determined by the FIDLER, were 
removed. Excavated areas were resurveyed and soil was removed until background (-250 cpm 
as determined by the FIDLER). was reached. All waste was packaged and shipped to the Nevada 
Test Site. The excavated area was backfilled and revegetated. Figure 3-17 provides the locations 
of areas where soil removal activities have completed under these remedial efforts. 

3.4.1.4 1984 Inner East Gate Soil Removal Project 

Anomalous results were being recorded in air monitors, S7, S8, and S9, positioned along the 
fence. A dust suppressant was placed on the ground to determine if the anomalies were a result 
of the resuspension of soil. The air monitor results dropped after the placement of the 
suppressant, and a removal action was implemented. In 1984, soil cleanup was performed along 
the eastern edge of the 903 Lip Area parallel to the fence (Setlock, 1984). Soils were removed 8 
to 10 feet on either side of the fence line from the previous inner east gate to 30 or 40 feet south 
of air sampler S-9, the southernmost air sampler. Soil was removed to a depth of one to two feet 
and the excavation was backfilled with clean topsoil. A total of 214 tri-wall pallets of 
contaminated soil was removed from the area. 

3.4.1.5 Accelerated Response Action Completion Report, Hot Spot Removal, OU 1 

While not related to the 903 Pad contamination source, an accelerated action for the removal of 
radionuclide-contaminated soils (hot spots) was conducted at six specific locations within OU 1 
(DOE, 1995). The hot spots were localized, shallow, contaminated soils that contained 
substantial activities of either plutoniudamericium or uranium, as well as trace amounts of 
organic compounds related to drum storage in IHSS 1 19.1. The Accelerated Response Action 
included excavating, containerizing, storing and disposing of the contaminated soils from the hot 
spots. Twenty-one 55-gallon drums of radionuclide-contaminated soils were removed under this 
action. The soils were transported and disposed off site. Figure 3- 18 provides the locations of 
soil samples which identified hot spots in OU 1. 

3.4.1.6 Subsurface Soils 

Ryan’s Pit (IHSS 109) - Ryan’s Pit was used from approximately 1966 to 1970 for the disposal 
of VOCs and small quantities of debris (e.g. drum carcasses). While the contamination is not 
associated with the contamination source at the 903 Pad. Figure 3-19 provides the location of 
Ryan’s Pit in relation to the 903 Pad. It is located within the 903 Lip Area. The pit measures 
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approximately 32 feet long and 18 feet wide. Results of previous environmental investigations 
identified the pit as a significant contributor to the degradation of groundwater in the area. 

In July of 1995, a source removal action was initiated at Ryan’s Pit which included the 
excavation and treatment of VOC contaminated soil. Approximately 180 cubic yards of 
contaminated soils and debris were excavated and placed in nine roll-off containers (RMRS, 
1996). An additional roll-off container was filled with topsoil scraped off the surface prior to the 
start of excavation activities. These soils were treated using a low temperature thermal 
desorption unit. The removal action was conducted prior to the implementation of RFCA, 
however, the treated soils were below RFCA Tier I1 action levels for radionuclides and below 
programmatic risk-based preliminary remediation goals (PPRGs) which were based on the 
construction worker, subsurface soil scenario. 

4.0 SOIL REMEDIATION VOLUME ESTIMATE 

All available surface soil contamination data were compared against RFCA Tier I soil action 
levels for the Buffer Zone (hypothetical resident) to establish an estimate on the areal extent of 
remaining contaminated soils requiring remediation. This scenario assumes an annual radiation 
dose of 85 millirem (mrem). Table 3-1 provides the Tier I action levels for the Buffer Zone 
hypothetical resident scenario. Figure 3-9 and 3- 10 identify those areas that exceed the Tier I 

@ action levels. 

4.1 903 Pad Drum Storage Site 

It is anticipated that the 903 Pad Drum Storage Site will be remediated to prevent potential future 
surface erosion and transport of contaminated soils from beneath the pad. The volume of 
contaminated soil beneath the 903 Pad, as well as the volume of the asphalt pad itself, were 
estimated. During initial remedial actions at the 903 Pad Drum Storage Site, approximately 20 
cm of clean fill and a layer of asphalt were placed over contaminated soils. Although the 20 cm 
of fill may not be entirely contaminated, the entire volume is suspect and will require screening if 
excavated. In addition, data collected beneath the 903 Pad indicate radionuclide contamination 
above 250 dpm to a depth of 66 cm. Assuming an excavation depth of 66 cm (26 in), the volume 
of radionuclide contaminated soil material to be remediated from beneath the 903 Pad (asphalt) is 
estimated at 1 1,880 cubic yards. This estimate is based on excavating soil materials beneath the 
cap (3.4 acres) to a depth of 66 cm (26 in). 

The volume of VOC contaminated soil requiring remediation beneath the 903 Pad is estimated at 
13,300 cubic yards. This volume is based on data from groundwater monitoring wells, and is 
estimated as an area 235 feet long, 85 feet wide, and 20 feet deep requiring treatment. The 
volume calculation excludes the top 2 feet of material. 
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903 Lip Area 
Americium Zone 
Grand Total 

Assuming an asphalt thickness of 3 inches and a surface area of 3.4 acres, 1,370 cubic yards of 
asphalt pad will require disposal. The total estimated volume of soil and asphalt material 
requiring remediation within the 903 Pad area is 26,550 yd3 (Table 4-1). 

4.4 0 7,100 7,100 
8.1 0 13,068 13,068 
15.9 13,300 33,418 46,718 

TABLE 4-1 
VOLUME OF IN SITU SOIL/ASPHALT 

EXCEEDING FWCA TIER I ACTION LEVELS 

4.2 903 Lip Area 

Within the 903 Lip Area, approximately 4.4 acres require remediation based upon the Tier I 
,action levels for the Buffer Zone. CDH sampling results for Plot 28 (2.5 acres) exceeded Tier I 
action levels. Seventy-five percent (1.9 acres) of Plot 29 lies within the 903 Lip Area. Plot 29 
was identified as exceeding Tier I action levels for radionuclides from RF sampling method 
results. Further field screening would be required to further refine the volume of soils requiring 
remediation. For the purposes of this summary it was assumed that the entire plot exceeded the 
Tier I action level and requires remedial action. 

During initial remedial actions at the 903 Lip Area, an undetermined amount of imported base 
coarse material was placed over contaminated surface soils. In an effort to determine the depth 
of the fill material, soil profile descriptions from soil profile pits TR06, TR07, and TR08 were 
examined. These pits were excavated in the 903 Lip Area. Based on the profile data, there is .8  
to 5” of fill material present in the 903 Lip Area. The log of TR06 indicated that the A soil 
horizon, 0-2 cm (0.8 in) was deposited as part of the remedial activities in 1969. The C horizon 
is described as a loose sandy loam and is interpreted to be natural soils. The log describing TR07 
soils states that the topsoil was removed and backfilled with a sandy material. The log describes 
the A soil horizon, 0-2 cm (0-0.8 in), and C soil horizon, 2-13 cm (0.8-5.1 in.) as loose sand. 
This sand is interpreted to represent f i l l  which is present to a depth of 5 inches at this location. 
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a 
The CDH and RF soil sampling methods collect samples 0.64 inches and 2 inches in depth, 
respectively. Surficial soil samples previously collected within the 903 Lip Area were composed 
of the fill material used to cover the contaminated soil surface, leaving the contaminated surface 
uncharacterized. However, fill materials at TR08 have been contaminated by radionuclides 
based on the fact the top 27 cm (1 1 in) of soil, which includes the fill material, exceed Tier I 
action levels at this location. The fill material may have been contaminated by winds blowing 
contaminated soils back toward the pad from adjacent Plot 34 or by reworking of soils. Plot 34 
was identified as exceeding Tier I action levels based on the OU 2 CDH sampling program. 

. 

The results of the soil investigations indicate that outside the 903 Pad Drum Storage Site, over 90 
percent of the plutonium-239/240 and americium-24 1 contamination is confined to the upper 1 5 
cm (6 in) of soils. Soil sample results at soil profile pit TR08, located in the 903 Lip Area, 
indicate the depth of contamination above Tier I action levels from the ground surface to 27 cm 
(1 1 in). Numerous large cobbles and small boulders are present in the Rocky Flats Alluvium and 
excavation of surface soils is expected to be difficult. Therefore, a 12 in (1 ft) excavation depth 
was assumed as the extent to which soils will be remediated. Using this excavation depth, an 
estimated total volume of 7,100 cubic yards of contaminated surface soils would require 
remediation for the 4.4 acres exceeding the action level. 0 
4.3 Americium Zone 

A total of 8.1 acres have been preliminarily identified outside the 903 Pad and 903 Lip Area 
requiring remediation. CDH sampling results for Plot 34 exceed Tier I action levels. The RF 
sampling method results identified Plots 46 and 36 as exceeding Tier I action levels. Twenty- 
five percent (0.63 acres) of Plot 29 lies within the Americium Zone. As discussed above, the fact 
that the Rocky Flats sampling methodology only addressed a 3 square meter plot within the 2.5- 
acre plots. Therefore, hrther field screening would be required to refine the volume of soil 
requiring remediation. For the purposes of this document it was assumed that the entire plot 
exceeded the Tier I action level and requires remedial action. Assuming a 12 in depth for the 
excavation, a total of 13,068 cubic yards of material will be excavated from the area. 

The total estimated volume of contaminated surface soil requiring remediation is 46,718 cubic 
yards. This volume estimate was rounded up to 47,000 cubic yards for use in the evaluation of 
remediation process options and alternatives. Table 4- 1 presents the location and volumes of 
soils requiring remediation. 
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TABLE3-2 
e 

SURFACE SOILS OU 2 PHASE I1 RFI/RI 
CDH SAMPLING METHOD 

RFCA TIER I SUM OF’ RATIO COMPAFUSON- RADIONUCLIDES 

PTOOO 
PTOOI 
PT002 
PT003 
PT004 
PT005 
PT006 
PT007 
PT008 
PT009 
PTOI 0 
PTOl1 
PT012 
PTO13 
PTO 14 
PTOl5 
PT016 
PTOI 7 
PTOl8 
PTOI 9 
PT020 
PT02 1 
PT022 
PT023 
PT024 
PT025 
Pi026 
PT027 
PT028 
PT029 
PT030 
PT03 1 
PT032 
PT033 
PT034 
PT035 
PT036 
PT037 
PT038 
PT039 
PT040 
PT04 1 

0.0692 

0.2298 
0.1217 
0.0710 
0.1840 

NS 

NS 
NS 
NS 
0.61 83 
0.0643 
0.0870 
0.1 100 

2.2550 
6.0650 

NS 

NS 
NS 
12.5100 
35.3280 
19.3220 
1.8550 
0.2567 
0.1220 
0.271 0 
1.3550 
9.3690 

270.4000 
89.5100 
27.6600 
3.4140 
5.5560 
15.8200 

164.1 000 
66.3000 
14.7360 
3.8560 
0.6400 
0.2830 
0.1500 
0.1430 

0.09131 ~ 0.47281 

0 74801 

0.4682 

1.3100 
0.7238 
0.2900 
0.9090 

NS 

NS 
NS 
NS 
3.8830 
0.451 7 
0.3970 
0.1870 

NS 
11.6400 
46.71 70 
NS 
NS 
81.6500 

1 1  8.8550 
64.9660 
15.1600 
1.7180 
1.2370 
1.2590 
5.7320 
52.3900 

1453.0000 
507.6000 
167.1000 
23.3900 
22.9710 
138.8330 
961.6000 
296.6000 
95.8330 
27.2680 
3.7880 
1.3910 
0.7910 

1.3700 

1.3380 
1.1380 
1.2000 
1.0500 

NS 

NS 
NS 
NS 
1.0980 
0.8288 
1.1000 
0.81 00 

1.4140 
2.0900 

NS 

NS 
NS 
1.2230 
2.9900 
1.7100 
1.4750 
1.0140 
1.3000 
1.3000 
1.2600 
2.0600 
2.4660 
1.3380 
1.1270 
1.1030 
2.1700 
1.8000 
0.9941 
1.4420 
2.2600 
1.6400 
1.2000 
1.3000 
1.3000 
1.40001 

0.0128 
0.0663 

0.0640 
0.0263 
0.0750 
0.0500 

NS 

NS 
NS 
NS 
0.0322 
0.0356 
0.0920 
0.0200 

0.0520 
0.0900 

NS 

NS 
NS 
0.0802 
0.2800 
0.1300 
0.051 8 
0.0524 
0.2000 
0.0260 
0.0400 
0.0800 
0.1 794 
0.0988 
0.0432 
0.071 3 
0.1100 
0.2300 
0.0728 
0.0695 
0.1600 
0.0500 
0.0990 
0.0270 
0.0310 

1.0520 
1.3780 

1.1650 
0.9698 
1.4000 
4.9600 

NS 

NS 
NS 
NS 
1.2300 
0.9932 
1.2000 
1.0900 

1.4120 
7.7400 

NS 

NS 
NS 
1.6220 
3.3000 
2.1400 
1.3340 
1.0050 
1.5000 
1.6000 
1.5200 
3.9300 
7.2550 
1.9830 
1.5870 
1.2050 
2.4600 
1.9400 
2.2320 
1.8310 
1.5500 
1.8800 
1.2000 
1.3000 
1.5000 

0.00321 
0.0043 

0.0052 
0.0036 
0.0042 
0.0109 

0.0086 
0.0031 
0.0040 
0.0031 

0.0222 
0.0760 

0.1194 
0.2569 
0.1409 
0.0227 
0.0051 
0.0062 
0.0058 
0.01 39 
0.0887 
2.2896 
0.7764 
0.2493 
0.0355 
0.0482 
0.1768 
1.441 1 
0.5204 
0.1407 
0.041 5 
0.0091 
0.0055 
0.0048 

0.09101 1.20001 1 0.00471 
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IPT042 
PT043 
PT044 
PT045 
PT046 
PT047 
PT048 
PT049 
PT050 . 
PT05 1 
PT052 
PT053 
PT054 
PT055 
PT056 
PT057 
PT058 
PT059 
PT060 
PT06 1 
PT062 
PT063 
PT064 
PT065 
PT066 
PT067 
PT068 
PT069 
PT070 
PT07 1 
PT072 
PT073 
PT074 
PT075 
PT076 
PT077 
PT078 
PT079 
PT080 
PT081 
PT082 
PT083 
PT084 
PT085 
PT086 
PT087 
PT088 
PT089 
PT090 

0.1320 
5.8400 

26.3400 
54.1800 
25.5500 
9.4980 
4.681 0 
0.1920 
0.1840 
1.4220 
6.8350 

20.91 60 
11.9980 
5.0640 
1.1130 
0.8770 
0.2200 
0.0970 
4.6130 

1 5.3990 
0.0690 
0.2660 
3.7030 
5.9550 

1 3.5320 
3.2120 
0.9730 
0.5010 
0.0870 
5.9390 
2.1690 
2.2490 
0.1856 
0.4890 
1.2020 
2.91 30 
5.2960 
2.0910 

Rejected 
0.641 8 
0.2640 
0.4346 
0.6212 
1.7030 
1.7730 
3.5380 
0.3853 
0.1594 

0.5090 
21.9250 

154.3000 
294.2000 
160.5000 

123.8 
191.1 

0.3860 
0.7470 
7.3370 

61.3710 
169.5270 
82.8590 
19.1770 
7.1870 
5.01 50 
1.6570 
0.41 20 

19.8560 
98.3490 
0.5200 
0.6390 
7.5080 

29.2570 
101.6460 
24.8740 
7.8710 
3.2200 
0.5870 

26.1000 
13.9700 
10.4930 
1.1650 
2.5380 
8.9720 

26.1 100 
24.51 50 
11.7970 
3.4420 
5.5550 
1.5210 
2.1220 
4.1960 
7.1500 

12.4300 
18.51 00 
2.3660 
1.1010 

1.1000 
3.4400 
1.2530 
1.1020 
1.061 0 
1.1750 
0.8448 
1.2000 
1.3000 
2.8000 
2.2400 
1.4900 
1.1000 
2.3000 
1.1790 
1 .6000 
1.3000 
1.3000 
1.8600 
2.4100 
1.3000 
1 .oooo 
1.2000 
2.0500 
2.5600 
3.4000 
0.9900 
2.0000 
1.5000 
1.5000 
2.2000 
1.5000 
1.261 0 
1.1760 
3.5810 
1.2790 
2.2000 
1.4000 
1.0370 
1.1030 
1.2940 
1.0370 
1.1430 
0.9243 
1.2410 
1.4000 
1.3370 
1.2540 

0.0590 
0.1900 
0.0656 
0.0592 
0.1059 
0.1028 
0.0332 
0.1600 
0.0970 
0.0770 
0.1700 
0.0700 
0.1000 
0.3600 
0.0472 
0.3800 
0.0540 
0.031 0 
0.0700 
0.1300 
0.1200 
0.0760 
0.0980 
0.1100 
0.0900 
0.6800 
0.0340 
0.0990 
0.1600 
0.0410 
0.2200 
0.1100 
0.0909 
0.0302 
0.1504 
0.0972 
0.4300 
0.0660 
0.0663 
0.01 56 
0.0341 
0.0376 
0.0389 
0.0313 
0.0398 
0.0266 
0.0765 
0.0627 

1.2000 
2.5400 
1.8450 
1.5240 
1.2890 
1.7740 
1.2420 
1.3000 
1.2000 
1.7000 
2.1400 
1.9200 
1.8000 
1.7000 
1.1190 
1.3000 
1 ,3000 
1.2000 
2.2600 
2.4700 
1.2000 
1.1000 
1.5000 
2.6400 
2.5800 
2.3000 
2.2000 
1.7000 
0.9900 
1 .goo0 
2.1000 
1.4000 
1.1170 
1.1320 
1.0830 
1.8870 
1.7000 
1.3000 
1.1130 
1.1160 
1.421 0 
1.0370 
1.1410 
1.2060 
1.1080 
1.3830 
1.6110 
1.2090 

0.0041 
0.0502 
0.2348 
0.461 6 
0.2347 
0.1353 
0.1584 
0.0053 
0.0049 
0.0168 
0.0809 
0.2206 
0.1182 
0.0439 
0.0131 
0.01 35 
0.0055 
0.0038 
0.0408 
0.1470 
0.0044 
0.0047 
0.0265 
0.0547 
0.1406 
0.0433 
0.0146 
0.0094 
0.0046 
0.0503 
0.0263 
0.0219 
0.0050 
0.0069 
0.0169 
0.0365 
0.0491 
0.0215 
0.0054 
0.0095 
0.0057 
0.0062 
0.0087 
0.01 57 
0.0198 
0.0328 
0.0075 
0.0048 
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PT092 
PT093 
PT094 
PT095 
PT096 
PT097 
PT098 
PT099 
PTIOO 
PTIOI  
P T I  02 
P T I  03 
P T I  04 
P T I  05 
P T I  06 
P T I  07 
PT108 
P T I  09 
P T I  10 
P T l  11 
PT112 
PT113 
PT114 
PT115 
PT116 
PT117 
P T l  18 
P T I  19 
PT120 
PT12 1 
PT122 
P T I  23 
PT124 
NS 

0.5346 
0.8739 
3.3610 
1.3240 
0.4944 
0.2409 
0.0232 
0.01 52 
0.61 33 
0.5262 
0.5983 
0.0714 
2.5260 
0.5423 
2.3790 
1.0720 
0.3588 
0.21 53 
0.9958 
0.0053 
0.1936 
0.5409 
1.3010 
0.1312 
0.0435 
0.0285 
0.0926 
0.4747 
0.381 1 
0.8226 
0.2625 
0.2151 
0.0474 

2.8320 
6.6090 

17.1 800 
8.4290 
3.1210 
1.5810 
0.1822 
0.0751 
5.8870 
2.1980 
3.1130 
0.4467 
2.2410 
2.2990 

1 1 ,5000 
6.6670 
1.7450 
1.3690 
7.2810 
0.0484 
1.2450 
3.4850 
8.9330 
0.8546 
0.1194 
0.0833 
0.5577 
2.3580 

12.8400 
4.4370 
2.2290 
1.0540 
0.1821 

1.3300 
1 .0440 
1.1470 
1.2380 
1.3010 
1.41 70 
1.1010 
0.8166 

Rejected 
0.9717 
1.0830 
1.0750 
1.3990 
0.9937 
1.2230 
0.8586 
1.2080 
1.0800 
1 .oooo 
1.0340 
0.8736 
1.1330 
1.2540 
1.0570 
0.9250 
1.0810 
0.9724 
1.1940 
0.8758 
1.2460 
1.0830 
0.9344 
0.7295 

0.0218 
0.0318 
0.0666 
0.0324 
0.0790 
0.0384 
0.0160 
0.0064 

Rejected 
0.0287 
0.0229 
0.01 96 
0.0123 
0.0099 
0.0560 
0.0356 
0.0408 
0.0457 
0.0247 
0.0458 
0.0177 
0.0206 
0.0449 
0.0384 
0.0190 
0.0713 
0.0569 
0.0538 
0.0286 

-0.0037 
0.1244 
0.0200 
0.0789 

1.2100 
1.0090 
1.1370 
1.3010 
1.3700 
1.2770 
0.9214 
1.0490 

Rejected 
0.9831 
1.0200 
0.9922 
1.3080 
1.0530 
1.2230 
0.9161 
1.4610 
1.1430 
0.8337 
1.0730 
0.8905 
1.0650 
1.1200 
1.1970 
1.0930 
1.01 90 
0.9224 
0.9829 
1.1780 
1.0120 
1.1420 
1.3690 
0.9092 

0.0075 
0.01 12 
0.0307 
0.01 52 
0.0082 
0.0055 
0.0026 

- 0.0024 
0.0070 
0.0064 
0.0075 
0.0031 
0.0164 
0.0066 
0.0223 
0.0120 
0.0064 
0.0049 
0.01 19 
0.0028 
0.0039 
0.0076 
0.01 53 
0.0041 
0.0028 
0.0031 
0.0034 
0.0066 
0.0135 
0.0093 
0.0063 
0.0048 
0.0029 

I I I I 

dot Sampled. 
Rejected Data validated as rejected. 
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0 
TABLE 3-3 

OU 2 PHASE I1 RFlVRI 

SURFACE SOILS - RF SAMPLING METHOD 
RFCA TIER I SUM OF RATIO COMPARISON- RADIONUCLIDES 

PTOOI 
PT002 
PT003 
PT004 
PT005 
PT006 
PT007 
PT008 
PT009 
PTOlO 
PTOI 1 
PTO 12 
PTOI 3 
PTO 14 
PTOl5 
PT016 
PTOl7 
Pi018 
PT019 
PT020 
PT021 
PT022 
PT023 
PT024 
PT025 
PT026 
PT027 
PT028 
PT028 
PT029 
PT030 
PT031 
Pi032 
PT033 
PT034 
PT035 
PT036 
PT037 
PT038 
PT039 
PT040 
PT04 1 

0.0390 
N S  

0.5345 
0.1394 
0.0740 

N S  
NS 
NS 

0.7393 
0.6870 
0.0580 
0.1183 

ND 
NS 

Rejected 
2.0690 

N S  
N S  

22.0000 
3.4000 

10.5300 
3.8340 
0.1460 
0.1545 
0.2454 

ND 
ND 

Rejected 
110.0000 
160.0000 
38.0000 
0.641 9 

10.5500 
ND 

Rejected 
26.0000 
34.0000 
3.9680 
0.0870 
0.1035 
0.0466 

0.0730 
N S  

2.2410 
0.3491 
0.2430 

N S  
N S  
NS 

5.471 0 
3.8310 
0.2700 

Rejected 
ND 
N S  

18.9400 
21.1600 

N S  
N S  

120.0000 
23.0000 
59.6300 
36.7800 

1.7760 
0.8933 
1.4160 

ND 
ND 

380.0000 
Rejected 
950.0000 
280.0000 

4.7660 
44.7150 

ND 
Rejected 
380.0000 

5700.0000 
17.6200 
0.6100 
0.6869 
0.3520 

0.06701 0.57801 

0.0002 

0.0041 
0.0009 
0.0005 

0.0073 
0.0059 
0.0005 
0.0006 

0.01 33 
0.0244 

0.1863 
0.0319 
0.0907 
0.0436 
0.0019 
0.001 3 
0.0021 

0.2659 
0.51 16 
1.4090 
0.3727 
0.0063 
0.0804 

0.3869 
4.1469 
0.0308 
0.0008 
0.0010 
0.0005 
0.0007 
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0.1819 
5.1085 

0.0203 
0.0005 
0.0010 
0.0102 
0.0333 
0.0840 
0.1400 
0.0045 
0.0060 
0.0053 
0.0020 
0.0006 
0.0019 

0.0005 
0.0013 
0.0019 
0.291 1 
0.0334 
0.0361 
0.01 30 
0.0036 
0.001 0 
0.0177 
0.0217 
0.0176 
0.0017 
0.0028 
0.0077 
0.0450 
0.0333 
0.01 38 
0.0081 
0.0046 
0.0018 
0.0025 
0.0065 
0.0104 
0.0168 
0.0288 

0.0029 

PT042 
PT043 
PT044 
PT045 
PT046 
PT047 
PT048 
PT049 
PT050 
PT051 
PT052 
PT053 
PT054 
PT055 
PT056 
PT057 
PT058 
PT059 
PT060 
PT06 1 
PT062 
PT063 
PT064 
PT065 
PT066 
PT067 
PT068 
PT069 
PT070 
PT07 1 
PT072 
PT073 
PT074 
PT075 
PT076 
PT077 
PT078 
PT079 
PT080 
PT081 
PT082 
PT083 
PT084 
PT085 
PT086 
PT087 
PT088 
PT089 
PT090 

' 

ND 
ND 

Rejected 
Rejected 

ND 
ND 

Rejected 
0.0815 
0.1297 
1.2980 
4.1540 

Rejected 
Rejected 
Rejected 

0.61 35 
0.4869 
0.2760 
0.0733 

Rejected 
N S  

0.0738 
0.2702 
0.1949 

54.0000 
Rejected 

4.3000 
0.9680 
0.4092 
0.1400 
2.0690 

Rejected 
2.1540 
0.1647 
0.3599 
0.8293 
5.2880 
3.7100 
1.661 0 
0.8440 
0.4740 
0.1750 
0.3089 
0.8996 
0.9303 
2.0730 
3.1350 

ND 
0.3166 

ND 
ND 

260.0000 
7300.0000 

ND 
ND 

29.0000 
0.21 10 
0.5325 
5.9450 

19.9900 
120.0000 
200.0000 

6.4000 
4.4350 
4.3920 
0.9890 
0.4237 
2.7000 

N S  
0.1960 

Rejected 
1.3850 

57.0000 
47.7800 
23.0000 
12.1780 
2.4610 
0.4520 

11.5800 
31 .OOOO 
10.8400 
1.3990 
1.6370 
5.4980 

29.1750 
22.9600 
8.7360 
5.9960 
3.4840 
1.4270 
1.5790 
3.3510 
8.7430 

10.2950 
20.3440 

ND 
2.0810 
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PT092 
PT093 
PT094 
PT095 
PT096 
PT097 
PT098 
PT099 
PT100 
P T I  01 
P T I  02 
P T I  03 
P T I  04 
P T I  05 
P T I  06 
P T I  07 
PT108 
P T I  09 
PT110 
PT111 
PT112 
PT113 
P T I  14 
PT115 
P T I  16 
PT117 
PT118 
PT119 
P T I  20 
PT121 
PT122 
P T I  23 
PT124 

0.3051 
1.2710 
2.9240 
0.8649 
0.3733 

Rejected 
0.0440 
0.0850 
1.5700 
0.5694 
3.1030 
0.1100 
0.471 7 
0.2401 
2.3260 
0.5259 
0.3790 
0.2255 
0.3090 
0.01 10 
0.4920 
1.4570 
0.7478 
0.0862 
0.0450 
0.0391 

Rejected 
0.3004 
0.9913 
0.5877 
0.3948 
0.1201 

2.1210 
6.8990 

13.8120 
5.0620 
8.4480 
2.5070 
0.1980 
0.0960 
0.7760 
2.31 50 

50.3000 
0.2310 
2.9390 
1.8210 

11.7010 
3.1380 
2.7090 
1.4550 
1.5020 
0.0440 
1.5420 
5.7970 
4.4720 
0.61 00 
0.2740 
0.2504 
0.6567 
1.7080 
7.1980 
2.6130 
2.2620 
0.9148 

0.0029 
0.0107 
0.0233 
0.0076 
0.0076 
0.0018 
0.0003 
0.0005 
0.0078 
0.0043 
0.0496 
0.0007 
0.0043 
0.0024 
0.0190 
0.0046 
0.0037 
0.0021 
0.0025 
0.0001 
0.0034 
0.0108 
0.0066 
0.0008 
0.0004 
0.0004 
0.0005 
0.0026 
0.0096 
0.0046 
0.0034 
0.0012 

I 0.03291 0.28201 0.0004 I 
~ ~ ~~~~ 

I I I 

Not Sampled 
ND No Data 
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TABLE3-4 

SOIL PROFILE PITS 1-26 
TRENCH SAMPLING METHOD 

OPERABLE UNIT N0.2 PHASE I1 RFIM 
RFCA TIER I SUM OF RATIO COMPARISON - RADIONUCLIDES 

TROI 
TROI 
TROI 
TRO 1 
TROI 
TROI 
TROI 
TROI 
TROI 
TRO 1 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 

TR00341 WCU2 
TR00342WCU2 
TR00343WCU2 
TR00344WCU2 
TR00345WCU2 
TR00346WCU2 
TR00347WCU2 
TR00348WCU2 
TR00349WCU2 
TR00350WCU2 
TR00393WCU2 
TR00395WCU2 
TR00396WCU2 
TR00397WCU2 
TR00399WCU2 
TR00400WCU2 
TR00401 WCU2 
TR00402WCU2 
TR00403WCU2 
TR00404WC U2 
TR00372WCU2 
TR00373WCU2 
TR00374WCU2 
TR00375 WC U 2 
TR00376WCU2 
TR00377WCU2 
TR00378WCU2 
TR00379WCU2 
TR00380WCU2 
TR00381 WCU2 
TR00386WCU2 
TR00389WCU2 
TR00390WCU2 
TR00413WCU2 
TR00414WCU2 
TR00415WCU2 
TR00416WCU2 
TR00417WCU2 
TR00418WCU2 
TR00419WCU2 
TR00420WCU2 
TR00421 WCU2 
TR00422WCU2 

0 0030 
0 0032 
0 0027 . 
0 0035 
0 0050 
0 0121 
0 0294 
0 1129 
0 1312 
0 1681 
0 0030 
0 0023 
0 0021 
0 0039 
0 0160 
0 0679 
0 0904 
0 1744 
0 3549 
0 3339 
0 0032 
0 0024 
0 0029 
0 0049 
0 0116 
0 0125 
0 3595 
0 3521 
0 4124 
0 2253 
0 0037 
0 0034 
0 0031 
0 0015 
0 0032 
0 0035 
0 0035 
0 0071 
0 0129 
0 1367 
0 4517 
0 6219 
0 8893 
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e 
TR04 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR06 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TRIO 
TRIO 
TRIO 
TRIO 
TRIO 
TRI  0 
TRIO 
TRIO 

TR00431 WCU2 
TR00358WCU2 
TR00359WCU2 
TR00360WCU2 
TR00361 WCU2 
TR00362WCU2 
TR00363WCU2 
TR00364WCU2 
TR00365WCU2 
TR00366WCU2 
TR00367WCU2 

Samples Not Analyzed 
TR00307WCU2 
TR00308WCU2 
TR00309WCU2 
TR0031 OWCU2 
TR00311 WCU2 
TR00312WCU2 
TR00313WCU2 
TR00314WCU2 
TR00315WCU2 
TR00316WCU2 
TR00323WCU2 
TR00324WCU2 
TR00325WCU2 
TR00326WCU2 
TR00327WCU2 
TR00328WCU2 
TR00329WCU2 
TR00330WCU2 
TR00331 WCU2 
TR00332WCU2 
TR00291 WCU2 
TR00292WCU2 
TR00293WCU2 
TR00294WCU2 
TR00295WCU2 
TR00296WCU2 
TR00297WCU2 
TR00298WCU2 
TR00299WCU2 
TR00300WCU2 
TROOl71 WCU2 
TROOl72WCU2 
TROOl73WCU2 
TROO174WCU2 
TROOl75WCU2 
TROOI 76WCU2 
TROOl77WCU2 
TR00178WCU2 

0.0035 
0.0016 
0.0018 
0.0046 
0.0392 
0.0395 
0.1407 
0.21 18 
0.4376 
0.4295 
0.7886 

0.0015 
0.0031 
0.0028 
0.0067 
0.0105 
0.0323 
0.2907 
0.0365 
0.0514 
0.0288 
0.0099 
0.001 3 
0.0165 
0.41 19 
2.2325 
2.0584 
7.6719 
3.2540 
3.2948 
7.7843 
0.0037 
0.0021 
0.0033 
0.0031 
0.0057 
0.0141 
0.0441 
0.0966 
0.2510 
0.2513 
0.0022 
0.0028 
0.0030 
0.0037 
0.001 7 
0.0025 
0.0035 
0.0056 
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0 
TRIO 
TRIO 
TRIO 
T R I  1 
TR11 
TR11 
TR11 
TR11 
TR11 
TR11 
TR11 
T R I  1 
TR11 
TR11 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
T R I  3 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR15 
TR15 
T R I  5 
T R I  5 
TR15 
T R I  5 

TROOl80WCU2 
TROO 181 WCU2 
TR00274WCU2 
TR00275WCU2 
TR00276WCU2 
TR00277WCU2 
TR00278WCU2 
TR00279WCU2 
TR00280WCU2 
TR00281 WCU2 
TR00282WCU2 
TR00283WCU2 
TR00284WCU2 
TR00256WCU2 
TR00257WCU2 
TR00258WCU2 
TR00260WCU2 
TR00262WCU2 
TR00263WCU2 
TR00264WCU2 
TR00265WC U2 
TR00266WCU2 
TR00267WCU2 
TROOI 04WCU2 
TROOI 05WCU2 
TROOI 06WCU2 
TROOI 07WCU2 
TROOI 08WCU2 
TROOI 09WCU2 
TROOI 1OWCU2 
TROOI 11 WCU2 
TROOI 12WCU2 
TROOI 13WCU2 
TR00239WCU2 
TR00240WCU2 
TR00241 WCU2 
TR00242WCU2 
TR00243WCU2 
TR00244WCU2 
TR00245WCU2 
TR00246WCU2 
TR00247WCU2 
TR00248WCU2 
TROOl22WCU2 
TROOI 23WCU2 
TR00124WCU2 
TR00125WCU2 
TR00126WCU2 
TROOl27WCU2 

0.0062 
0.0343 
0.0569 
0.0027 
0.0031 
0.0023 
0.0034 
0.0037 
0.0051 
0.0050 
0.0171 
0.0289 
0.081 3 
0.1386 
0.0042 
0.0026 
0.0023 
0.0023 
0.0024 
0.0089 
0.0428 
0.0504 
0.131 1 
0.5773 
0.0027 
0.0021 
0.0026 
0.001 1 
0.0016 
0.0021 
0.0027 
0.0036 
0.0060 
0.01 00 
0.0016 
0.0016 
0.001 0 
0.0008 
0.0042 
0.0056 
0.0074 
0.0084 
0.01 11 
0.0291 
0.0167 
0.0030 
0.0025 
0.0014 
0.0005 
0.0026 
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TR15 
TR15 
TR15 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR19 
TR19 
TR19 
TR19 
TR19 
TR19 
TR19 
TR19 
TR19 
TR19 
TR20 
TR20 
TR20 
TR20 
TR20 
TR20 

TR00128WCU2 
TR00129WCU2 
TROOl3OWCU2 
TROOl31 WCU2 
TR00071 WCU2 
TR00072WCU2 
TR00073WCU2 
TR00074WCU2 
TR00075WCU2 
TR00076WCU2 
TR00077WCU2 
TR00078WCU2 
TR00079WCU2 
TR00080WCU2 
TROOl55WCU2 
TROOl56WCU2 
TROOI 57WCU2 
TROOI 58WCU2 
TROOI 59WCU2 
TR00160WCU2 
TR00161 WCU2 
TR00162WCU2 
TROOl63WCU2 
TR00164WCU2 
TR00086WCU2 
TR00087WCU2 
TR00088WCU2 
TR00089WCU2 
TR00090WCU2 
TR00091 WCU2 
TR00092WCU2 
TR00093WCU2 
TR00094WCU2 
TR00095WCU2 
TROOl39WCU2 
TR00140WCU2 
TR00141 WCU2 
TROOl42WCU2 
TR00143WCU2 
TR00144WCU2 
TR00145WCU2 
TR00146WCU2 
TR00147WCU2 
TROOl48WCU2 
TR00051 WCU2 
TR00052WCU2 
TR00053WCU2 
TR00054WCU2 
TR00055WCU2 
TR00056WCU2 

0.0045 
0.0053 
0.0036 
0.01 16 
0.0025 
0.0031 
0.0029 
0.0020 
0.0050 
0.0041 
0.0065 
0.0066 
0.0093 
0.01 09 
0.0062 
0.0044 
0.0029 
0.0058 
0.0086 
0.0056 
0.0061 
0.0082 
0.0346 
0.1604 
0.0066 
0.0098 
0.01 30 
0.0069 
0.0080 
0.0093 
0.0094 
0.0055 
0.0092 
0.0197 
0.01 16 
0.0081 
0.0065 
0.0083 
0.0075 
0.0091 
0.0062 
0.0122 
0.01 34 
0.0135 
0.0141 
0.0053 
0.01 93 
0.0027 
0.0045 
0.0072 
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TR20 
TR20 
TR20 
TR20 
TR2 1 
TR2 1 
TR2 1 
TR2 1 
TR2 1 
TR21 
TR2 1 
TR2 1 
TR2 1 
TR21 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR25 
TR25 
TR25 
TR25 

TR00057WCU2 
TR00058 WC U2 
TR00059WCU2 
TR00060WCU2 
TROOOOI WCU2 
TR00002WCU2 
TR00003WCU2 
TR00004WCU2 
TR00005WCU2 
TR00006WCU2 
TR00007WCU2 
TR00008WCU2 
TR00009WCU2 
TR00010WCU2 
TR00016WCU2 
TR00017WCU2 
TROOOl8WCU2 
TROOOI 9WCU2 
TR00020WCU2 
TR0002 1 WCU2 
TR00022WCU2 
TR00023WCU2 
TR00024WCU2 
TR00025WCU2 
TR00026WCU2 
TR00034WCU2 
TR00035WCU2 
TR00036WCU2 
TR00037WCU2 
TR00038WCU2 
TR00039WCU2 
TR00041 WCU2 
TR00042WCU2 
TR00043WCU2 
TR00044WCU2 
TR00050WCU2 
TROOI 89WCU2 
TROOI 9OWCU2 
TR00191WCU2 
TROOl92WCU2 
TROOl93WCU2 
TROOI 94WCU2 
TROOI 95WCU2 
TROOI 96WCU2 
TROOI 97WCU2 
TR00206WCU2 
TR00223WCU2 
TR00224WCU2 
TR00225WCU2 
TR00226WCU2 

0.0050 
0.0059 
0.0091 
0.0095 
0.0029 
0.2006 
0.4591 
0.0029 
0.0027 
0.0032 
0.0028 
0.0036 
0.0037 
0.0095 
0.0044 
0.0032 
0.001 1 
0.0027 
0.0007 
0.0032 
0.0041 
0.0085 
0.0031 
0.0102 
0.0061 
0.0043 
0.0044 
0.0389 
0.0299 
0.0093 
0.0059 
0.0102 
0.0084 
0.0028 
0.0031 
0.0048 
0.0024 
0.0018 
0.0016 
0.0031 
0.0031 
0.0037 
0.0037 
0.0051 
0.0048 
0.0022 
0.0058 
0.0077 
0.0096 
0.0108 
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TR25 
TR25 
TR25 
TR25 
TR25 
TR25 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 

rrench TR06 was Sam! 

TRm227WC U 2 0.01 15 
TR00228WCU2 
TR00229WCU2 
TR00230WCU2 
TR00231 WCU2 
TR00233WCU2 
TR00207WCU2 
TR00208WCU2 
TR00209WCU2 
TR0021OWCU2 
TR00211 WCU2 
TR00212WCU2 
TR00213WCU2 
TR00214WCU2 
TR00215WCU2 
TR00216WCU2 

!d but not analyzed because activity 
exceeded DOT shipping requirements. 

0.01 17 
0.01 35 
0.01 19 
0.0153 
0.0157 
0.0066 
0.0096 
0.0105 
0.0101 
0.0069 
0.0124 
0.01 52 
0.01 50 
0.01 70 
0.0190 
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TABLE 3-6 

SURFACE SOILS 
OU 1 PHASE I11 RFI/RI 

RFCA TIER I SUM OF RATIO COMPARISON- RADIONUCLIDES 

RAO 1 0 
RAOl1 
RAOl1 
RA012 
RAOl3 
RAO 14 
RAOl5 
RAOl5 
RAOl6 
RAOl7 
RAOl8 
RAOl9 
RA020 
RA02 1 
RA022 
RA023 
RA024 
RA025 
RA026 
RA027 
RA028 
RA029 
RA030 
RA031 
RA03 1 
RA032 
RA032 
RA033 
RA033 
RA034 
RA035 
RA036 
RA037 
RA037 

?ejected 

Rejected 
Rejected 

0.0129 
0.1240 
0.0390 

Rejected 
Rejected 

0.1440 
Rejected 

0.4900 
0.2627 
0.1917 

Rejected 
0.2849 
1.1480 
1.6720 
1.9440 
0.1200 
0.6640 
0.01 37 
0.4420 
0.2470 
0.5370 
0.7160 
0.1280 
0.0950 
0.0970 
0.0770 
0.7140 
0.1540 
0.0230 
0.0300 
0.0490 

2.49201 
1.0630 
1.1750 
0.0677 
0.6600 
0.1050 
0.2249 
1.3090 
0.5830 
0.5944 
3.0020 
1.5530 
0.9275 
0.41 65 
2.0890 
7.0840 

11.0800 
12.9900 
1.0430 
9.6950 
0.0907 
2.3850 
1.0030 
3.0440 
5.8590 
0.7350 
0.5270 
0.6720 
0.4000 
1.3420 
0.5950 
0.0980 
0.0950 
0.1150 

1.0860 
0.8350 
0.7814 
1.1480 
0.7370 
0.9720 
1.5300 
1.2620 
0.6780 
0.761 1 
1.2500 
1.1600 
0.9581 
1.6620 
1.2870 
1.4620 
1.6020 
,4900 
,0450 
,1920 
,2960 
2660 
,2340 
.2150 

0.9730 
1.0560 
1.2540 
1.2280 
1.5100 
1.0590 
1.2230 
0.8820 
0.91 50 
1.1760 

0.0750 
0.0176 
0.0523 
0.0584 
0.061 0 
0.1040 
0.0406 
0.0791 
0.0330 
0.0570 
0.0530 
0.0243 
0.0790 
0.0340 
0.0905 
0.0808 
0.0390 

0.0330 
0.0290 
0.0086 
0.0530 
0.0300 
0.0580 
0.0870 
0.0380 
0.0840 
0.1220 
0.0850 
0.0260 
0.0530 
0.0640 
0.1170 
0.0680 

-0.0060 

1.19601 0.01 I 
0.7136 
0.9987 
1.0280 
0.9000 
0.8500 
1.5680 
1.3650 
0.7640 
0.8466 
1.1830 
1.1690 
0.9509 
1.7690 
1.4790 
1.5710 
1.7320 
1.4480 
1.3190 
1.1800 
1.5020 
1.1290 
0.9400 
1.5800 
1.4180 
1.3190 
1.2890 
2.1990 
1.51 00 
1.0120 
12850 
0.6260 
0.9770 
1.1760 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0.00 
0.00 
0.01 
0.01 
0.02 
0.02 
0.00 
0.01 
0.00 
0.01 
0.00 
0.01 
0.01 
0.00 
0.00 
0.01 
0.00 
0.01 
0.00 
0.00 
0.00 
0.00 

I I I 1 

lata Validated as Rejected. 
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TABLE3-8 
e 

SUBSURFACE SOIL SAMPLES 
OPERABLE UNIT N0.2 PHASE I & I1 RFIAU 

RFCA TIER I SUM OF RATIOS COMPARISON - RADIONUCLIDES 

BH2287 
BH2287 
BH2287 
BH2287 
BH2287 
BH2387 
BH2387 
BH2387 
BH2487 
BH2487 
BH2487 
BH2487 
BH2687 
BH2687 
BH2687 
BH2787 
BH2787 
BH2787 
BH2887 
BH2887 
BH2887 
BH2887 
BH2887 
BH2987 
BH2987 
BH2987 
BH2987 
BH3087 
BH3087 
BH3087 
BH3087 
BH3087 
B315289 
B315289 
B315289 
831 5289 
831 5289 

291 
6591 
6591 
6591 
6591 
6591 
6591 

BH22871018 
BH22871 OWS 
BH228720CT 
BH228722BR 
BH23870008 
BH238708CT 
BH238711 BR 
BH24870002 
BH248705CT 
BH248708BR 
BH248710WS 
BH26870003 
BH268703CT 
BH268706BR 
BH27870010 
BH278710CT 
BH278713BR 
BH288700WT 
BH28870104 
BH288705WS 
BH288706CT 
BH288709BR 
BH29870010 
BH298713CT 
BH298716BR 
BH298717WT 
BH30870010 
BH30871020 

BH30871OWS 
BH308720WT 
BH308725BR 
5989BR0003 
5989BR0306 
5989BR0711 
5989BR1115 
5989BR 1 5 18 

BH00574WCU2 
BHOl249WCU2 
BHO 1251 WCU2 
BHOl255WCU2 
BH01257WCU2 
BHOI 26OWCU2 
BH01262WCU2 

0.001 
0.001 
0.001 
0.000 
0.001 
0.002 
0.001 
0.001 
0.118 
0.002 
0.002 
0.001 
0.1 16 
0.003 
0.002 
0.005 
0.001 
0.002 
0.006 
0.002 
0.002 
0.003 
0.006 
0.002 
0.002 
0.001 
0.001 
0.230 
0.001 
0.002 
0.001 
0.001 
0.019 
0.002 
0.001 
0.002 
0.001 
0.01 7 
0.002 
0.002 
0.002 
0.004 
0.002 
0.002 
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6591 
6591 
659 1 
6691 
6691 
669 1 
6691 
6691 
6791 
6791 
6791 
6791 
6791 
6891 
6891 
6991 
6991 
6991 
6991 
6991 
6991 
7091 
709 1 
71 91 
71 91 
7191 
7191 
7291 
729 1 
7291 
7291 
7391 
7391 
7391 
7591 
7591 
7491 
7491 
769 1 
8691 
8691 
869 1 
8691 
8791 
879 1 
8791 
879 1 
8791 
8891 
8891 

BHOl265WCU2 
BH01268WCU2 
B H 0 1 270WC U 2 
BH00518WCU2 
BH00520WCU2 
BH00522WCU2 
BH00524WCU2 
BH00525WCU2 
B H 00490WC U 2 
B H 00493WC U 2 
BH00496WCU2 
BH00499WCU2 
B H0050 I WC U2 
BH00540WCU2 
BH00543WCU2 
B H0070 1 WC U 2 
BH00702WCU2 
BH00706WCU2 
BH00708WCU2 
BH00710WCU2 
BH00714WCU2 
BH00484WCU2 
BH00486WCU2 
BH00979WCU2 
BH00982WCU2 
BH00985WCU2 
BH00987WCU2 
BH00718WCU2 
BH00719WCU2 
BH00721 WCU2 
BH00723WCU2 
B H00475WCU2 
BH00477WCU2 
B H 00480WC U 2 
BHOl227WCU2 
BHOl229WCU2 
B H 0 1 2 33 WC U 2 
BH01235WCU2 
BHO1204WCU2 
B H 005 30WC U 2 
BH00533WCU2 
BH00536WCU2 
BH00537WCU2 
BH00505WCU2 
BH00507WCU2 
BH0051OWCU2 
B H005 1 2WCU 2 
B H 005 1 4WC U 2 
BH00550WCU2 
BH00552WCU2 

0 003 
0 004 
0.002 
0 083 
0 011 
0 003 
0 002 
0 003 
0 003 
0.002 
0 002 
0 003 
0 002 
0 001 
0 002 
0 001 
0 001 
0 002 
0 002 
0 002 
0 003 
0 002 
0 008 
0 002 
0 002 
0 002 
0 003 
0 007 
0 003 
0 003 
0 003 
0 003 
0 004 
0 003 
0 002 
0 058 
0 003 
0 005 
0 003 
0 018 
0 002 
0 003 
0 003 
0 004 
0 002 
0 004 
0 003 
0 002 
0 028 
0 015 
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8891 
889 1 
8891 
8991 
8991 
8991 
8991 
8991 
8991 
9091 
9091 
9091 
9091 
9091 
9191 
9191 
9191 
9191 
9191 
969 1 
9691 
969 1 
9391 
9591 
9791 
9791 
9791 
12791 
12791 
13091 

BH00952WCU2 
BH00955WCU2 
BH00957WCU2 
BH00741 WCU2 
BH00743WCU2 
BH00745WCU2 
BH00750WCU2 
BH00752WCU2 
B H 00753WC U2 
BH00727WCU2 
BH00729WCU2 
BH00732WCU2 
B H 00735 WC U2 
B H 00737 WC U2 
BH00962WCU2 
BH00965WCU2 
BH00969WCU2 
B H 00973 WC U 2 
BH00975WCU2 
BHOI 207WCU2 
BH01211WCU2 
B H 0 1 2 1 4WC U2 

All 
All 

BH01218WCU2 
BH01221 WCU2 
BH01223WCU2 
BHOI 239WCU2 
BH01240WCU2 
BH00347WCU2 
BH00348WCU2 13091 

Rejected Laboratory results validated as reje 

0.004 
0.002 
0.002 
0.01 8 
0.003 
0.002 
0.002 
0.003 
0.003 
0.007 
0.002 
0 002 
0.002 
0 002 
0.053 
0.005 
0 002 
0 002 
0 004 
0 003 
0 003 
0 006 

Rejected 
Rejected 

0 003 
0 004 
0 003 
0.003 
0 003 
0 002 
0 002 

ed. 
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903 DRUM STORAGE AREA, 903LIP AREA, 

AND 

AMERICIUM ZONE DATA SUMMARY 

FIGURES 

(Figures 2.1 through 3.19 
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e FIGURE 3-3 Gamma-Ray Survey  o f  A s p h a l t  Su r f ace  o f  903 Area Pad. The numbers 
r e p r e s e n t  o n l y  the r e l a t i v e  gamma-ray r e a d i n g s  a t  the pad su r f ace .  Each  
i n t e g e r  increment  on the f i g u r e  rep re sen t s  a change i n  coun t i ng  r a t ?  o f  
I. t o  2 percent .  
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FIGURE 3-4 AMERICIUM-247 PHOTOPEAK COUNT RAT€ lSOPLETH MAP 
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Environmental Record Database - Details of Matching Records 

ata Source: EMF O" Titie: PLUTONIUM SURFACE CONTAMINATION 903 AREA 

Keywords: KEYWORDS: ; WASTE ST0FlAGE;WASTE OIL & S0LVENTS;CONTAMINATED SOIL;903/904 
PAD CONTAMINATION/INCIDENTS; NAMES IN TDCT. 

Comments: 

Authors: OWEN JB; bOW CHEMICAL ROCKY FIATS 

Pub-Ratel: 07/25/1968 

Pub-Date2: 0211 2/1995 

te Estimated?; N 

wument Type: INTERNAL LEUERS, , MARGINALIA 

Addressee: SEASTONE J 

Distribution: WALK0 EJ; BASSLER OM; EPP JG; LOVE CM; PILTINGSRUD C W  PUTZiER uI\; 

locument Size: PAGES: 6 

LO EJ 

h C -  Location: ORlG SOURCE DB: EMF; IMAGE VOL; V O L ~ Q ;  LOCATION: EMF0022; FILE LOCATION: ; BO 

teference No.: UNIQUE CONTROL #: 00006451; PARENT ICM: 
7 

. .  . . .. ." - 



& 

I 

Jury 25, 1968 

THE D O W  CHEMICAL COMPANY 

4'7/1R' ' /  

J. Seaatone. 

Ecalth Fhye'ice baa completed a survey of the plutonium contamFaatioa 
present on the eurfwe: of the 903 area. The following deecribee the 
technique8 ueed, conditione in t h e  area during the survey, survey 
results, and the a a l t h  Physics'recomo~ndation for C O n e c t i V e  action.  

A m i d  8ylrbm was eatablieb3d uhlch extended approximately 25 feet; 
outside of the fenced area in all directions. 
Phced at latervale of 25 feet d o n g  each grid line end the marimum 
level o f  contadnation within 1 foot of each atake uas determined. 
Significant levels of  contamfmtion Yere noted on the eaet  aad south 
boundartef3 of tha grid system eo the 6yetem wae extended 6n additional 
125 feat la theee direct ione t o  more accurately deternine the size and 
ffhapa of the eignificantly contamfaateti area. 

Wooden etakee  were 

Yegetat'on ie very sparse inaide o f  the fenced wee and the level8 Of 
contentination Yere determined for the most part on bare aoi l .  Vegetation 
outside of the fenced area  is relatively h e a v  and d t h o w h  attempt6 . 
were made to  reach the soil. the l e v e l e g f  contamination &e in many 
caeee influenced downward due to R greeter distance and vegetatiw 

A l l  of the surveys were taken during , 

from 75 to  95 degree6 Fabraheit. 
had been no eQpificant rain fall during the previous week to 

ten days. 

The reeulte of the eurvey m e  displayed on the attach6d diagram. 
&formation wed in convertlw the survey results t o  tnicrop;r~ms w r  
square meter tlc Radi~tfon Monito i 

Eoplpany, kcorparated (REECO), Mercury, H e m ,  far uae in Operetion 
"Bot spat", 

Tralnlag HBnual" prepared by Reynolds Electricsl and Engheerlng 

me conversion factors ere  for 'I-". 

Vi6 cootmination in tho 303 aroa in not "fmuh fallout;", 
fenced wca and 1 epot estimatcd a t  f r o m  100 to 300 micrograms pcr 
square meter eouth of t b  fenced area, the contAminat1on A E  due to 
leaking drums., The contamination wa8 carried into the 6051 by a Liquid. 
T ? v  soil CODdit iOn8 in t h i s  area do MC pennit accurate penetration 
dt.Lerminations, but,a 6pot e w e y  ia the  southweet section indicated 
~ O ' U ~ C ~ O ~ T W U I  p r  apu- m e t e  6t a depth of 6 inchce WAth no 1ndiCatiOn 
o f  b v h g  reached the Usnit of penetration. 

Withtn %ha 

i 



Greater than 
3500 microgram 

Greater than 
lCW microgram 

- 2. - 
The effect8 of' wind, rain, SROV, ead work in the fenced area, Including 
purposely covering high level contamination uith clean sot1 and aave l ,  
have not been determined, b u t , i t  56 known that these factors resul t  fn 
the survey fadicetiw leaa plutoniucp than the actual amount present. 
laside of the fenced &rea the actual smount of plutoaiurn present may 
be ae much as 3,OOO thee more than is Indicated by the survey reeulte. 

The contaplcia8tion fn the remaining area outside of the fence is due t O  
wincl and ground water m f f  *om the fenced mea. Na att8mpte hsvd 
been made to determhe the &pt& of penetration in this area, but 1C 
is remonuble to aasumd that the penetration is not more than 1 or 2 
inchw deep and that the actusl amounb of plutanfum preeent i 8  not mre 
%baa 100 times greater than the wunt indicated by the (ruwey results. 

@e 8urvey results muet, therefore, be conaidered a s  relative mther 
tbaa absolute numbersr 
extensive soil sampling program. Q~JUBB co- too time 
Wo expensive and not ne 
the problem. - -e- 
&a conaidering t& eolutions to the problem, one can refer to  the -0 
trainlq manua.t and tu "Ail) Radfologica3 Aaslstance Plan". !Sb quota 
tram the REECO training manual: 

3 

- 
To eBtabli6h sbeolute value8 would require an 

in ofier to consider the aolut3one to 

"Tha mo5t deeirable objective for decontamlnatfon would 
be to remove afl traces of contamination, at least to 1 
or 2 micrograms per sguerc aetex. &ever, in 
perhaps w e t ,  caaee t h i s  w i l l  not be poesible. Therefore, 
suggested maxLrmrm level6 for determining decontsmlnation 
and reiative bazarde i~ P U ~ ~  -88 are at3 foUowe: 

Extremely haesl.doue 
per equare meter 

sow hazard - 
de contaminate 

Little hazard - 
decontaminate i f  In * 
public interest, " 

per square meter ' 

per square meter 

:!? 
*! 
I .  

i 
f 

, . , . . . . . . . - . :,:..::.. . : . : :. _ ' .  . - 



- 3 =  

... 
I 

effected. 
micrograms per square meter, the area ahould be &contan- 
inated only to a value conairtent with reasonab~t effort 

(Si initial cantanination ie less than loo0 

and cost*)fi .- 

It i s  obvlous that actione m s t  be taken to coxrect the conditione ih 
%hie ars8 €ad that veather w i l l  canthue to spread the contambation 
end distort the a w a y  reaulte. Elealtii Pbyeica recammoadtr that the . 
follouing actlotas be taken, in the order listed, as w o n  as poseibSe* 
Respiratory prot;cction, p u t  clothing, aad nranitoring v i U  be ptOVAded 
so rSqrr3red. ' 

10 There #e +wo forkl i f i  trucks i n  the fenced ares. 
Crate 
waste. 

dispoea of these forkurta  as contaminated 

2. Move the toxfo gae storage building to  a new location. 

3. Remove the fence from the south and east aides of the 
area. Diapose of the fence as contaminated waste. 

L. Remove the m i l  and rock from the spot o f  from 100 
to 300 micrograms per square meter south of the fenced 
area by hand. Place tbe 8011 d rock inslde of the 
fenced area. Dsmpen or oil the area to  avoid creating 
duet dwlng the removal. 

g;\Bulldoee t&e ~ 0 f . l  and mck t o  a depth of from 4 to 6 
duchee from tba conttiminated fxre86 outside of the 
fence to the east and 0outh into the fenced area. 
X3ampen or o i l  the arc18 to avoid cmat-ing dust durLng 

- 
'\ 

. . the operatian.. 

Thi8 %oil aad rock is t o  be used to st& to bring the 
level of the fenced we5 lip to the hlgheet p o i n t  in the 
fenced =ea. Tba area uLthin tbe fence l e  not t o  be 
bulldcrzod. 

Remove t&e tanks West of Building 303. 
trrnks ae con.temlaate8 waste. 

Diapose of the 

Remove the fencs in' the northweat section aad Pro= the 
north and vest  ridea,of ths m a ,  
aa contamlas.t;ed v88tar 

Diepore of the fanoer 
I 

, 
\ L  

i: 

-7-1 



- 4 -  

.... 

9- 
1Q. Bring in additional soil and gravel t o  cover and complem 

the raising of the fenced area up to  and cover the high- 
e s t  point in the fenced area. m e  cover i s  ‘to a c t e d  
25 feat beyond Wrs fenced was ip aU directions aab 1s 
to be of a thiaknees and textwe to Bema as 6 bat38 f o r  , ‘ 

. 

8 C O n C m k  pab* 

This cover can be applied by a contractor atart- along 
the north eide grading to the south with the greder 
remaining on the new cover. 

The contractmr is to pour a concrete pckd Over the area. 
The psd l e  to be poured in a manner which w l U  a88ure 
that pound water will not run d e r  it anb tbst wster 
fraa rain or BDOY w i l l  wt penetrate it. 

, 

Tt.‘s w i l l  insure containment of the contsmination and prevent tho 
cotitmination from poesfbly reachia3 the uoderpund water. 

Eealth Physics i s  Awhilable for further diricueeiqn Of this PrQbl- *!I 
/- required. 

‘r 

5 

I 
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' EXECUTIVE SUMMARY 

A comprehensive evaluation of radiochemistry data acquired within the ER program over the past 
several years has been completed for the purpose of evaluating the data's usability relative to potential 
remediation of radionuclides within the soils at and near the 903 Pad area. The data sets reviewed 
include OU-1 Phase Ill RFI/RI surficial soils, OU-2 Phase II RFI/RI surficial soils, and trenches 
throughout several operable units as well as the buffer zone. Evaluation of the data for usability relative 
to environmental decision-making satisfies a major quality requirement of the ER program. 
The data sets were chosen based on their areal extent with respect to the 903 Pad and the time frame in 
which the data were acquired. The success of any remediation effort hinges on the confidence of 
"knowing" the areal and vertical extent of contaminant concentrations relative to action levels (i.e. 
cleanup levels). The time frame of the data sets evaluated was significant because the data were 
acquired within an established environmental Quality Assurance program, consistent with the goal of 
producing defensible data and consequent environmental decisions. 

In general, and from a radiochemistry perspective, all data qualified as valid (flagged as "V'), acceptable 
with qualification (flagged as "A'), or unflagged, is usable, based on the well-established, formal data 
validation process. Rejected data (flagged as "R") is not usable for the same reason. Because such a 
vast majority of the radionuclide dataset underwent the formal validation process with high percentages 
of valid and acceptable data (Luker et al., 1994), inferences about (analytical/radiochemistry) data 
usability have a high confidence throughout the ER program as a whole. Generally, all data not rejected 
by the validation process are usable. Validation qualifiers directly and adequately address such usability 
criteria as "precision" and "accuracy"; however, data usability based on "representativeness", 
"completeness", and "comparability" relies less on data validation criteria and more on the data as 
compared with project objectives. Such comparisons given in this report do not disqualify any data 
beyond those rejected data from the validation process. However, it must be emphasized that details of 
this usability analysis are with respect to a procedure designed to measure compliance to work plans 
already implemented (e.g., OU-2 Phase I I  RFI/RI Work Plan), and not with current remedial action 
plans. Inputting selected, usable data into impending remediation strategies (work plans) is the next 
step. 

* 
The foremost precaution warranted for use of previously collected RFI/RI data is that of 
representativeness: this is the weakest aspect of the usability argument, as compliance with the RFIIRI 
work plan(s) is the primary basis for establishing representativeness. It must be ensured that the 
samples used to estimate radionuclide activity levels directly support the latest remediation goals 
(especially with respect to 3-0 locations), and not simply compliance with previous RFI/RI 
(characterization) work plans. For example, one analytical result may represent up to 10 acres of areal 
extent (Colorado Department of Health {CDH} method) while another may represent point-locations 
(trench/pit samples). If the desired areal control of remediation is to be "tighter" than the areal control 
provided by composite sampling, further sampling control will be necessary. Conversely, if such gross 
areas are not within a remediation area of interest (e.g., on the outer periphery of the buffer zone), 
previous composite sampling over the area is probably adequate as a gross characterization of large, 
peripheral areal plots. 



0 1.0PURPOSE 

The purpose of this report is to provide the results of Environmental Restoration Management's 
Procedure 2-G32-ER-ADM-08.02, Evaluafion of ERM Data for Usability in final Reports, to indicate 
surficial soil data usability for OU-2 remediation strategies. The data evaluated by this procedure include 
surface soil samples analyzed for radionuclides that span several projects; over 118 plots utilizing CDH 
and RFP sampling methods, over 28 plots utilizing RFP sampling methods for the OU1 Phase Ill RFVRI, 
and 26 trenches based on the OU-2 Phase I I  RFI/RI work plan. 

2.0 BACKGROUND 

Regarding the Phase I I  RFllRl Report 903 Pad, Mound, and East Trenches Area, Operable Unit No.2 
dated October 1995, numerous surface soil sampling programs were implemented in support of the OU2 
RFI/RI including: 

0 

The sampling of 1 18 plots using the CDH sampling method to determine spatial extent of 
radiological contamination including plutonium-239/240, americium-241, and uranium isotopes; 
The sampling of 118 plots using the RFP sampling method for americium-241 and plutonium- 
2391240 comparison with the CDH sampling method; 
The sampling of 26 pits using trenching methods to determine the vertical extent of radiological 
contamination; and 
The sampling of 40 locations to generate data for use in the risk assessment. 

Two separate evaluations were performed specific to the OU-2 surficial soils data: the CDH sampling 
program and the RFP sampling program. 

Other surface soil sampling programs were implemented during the OU2 RFI/RI, which were intended 
to support the OU1 RFI/RI including: 

The sampling of 1 18 plots using the CDH sampling method to determine spatial extent of 
radiological contamination including plutonium-239/240, americium-241, and uranium isotopes. 
Seven of the 10-acre plots and four of the 2.5-acre plots fall partially or entirely in OUI;  
The sampling of 118 plots using the RFP sampling method for americium-241 and plutonium- 
2391240 to compare with the CDH sampling method; 
The sampling of 26 pits using trenching methods to determine the vertical extent of radiological 
contamination. Three of these pits are located within OUI.  

A surface soil sampling program was implemented in support of the OU1 Phase Ill RFI/RI baseline risk 
assessment. The OU1 area was divided into four-hundred-fifty 50- by 1 OO-foot contiguous rectangle 
plots, which were sequentially number. Twenty-four of the plots were selected for sampling by matching 
the plots with numbers generated from a random number generating process. Four biased sampling 
locations were selected to include IHSSs 106, 130, 119.1 and 119.2 because they were most likely to 
have surface soil contamination based on site histories -- contaminated liquid discharges, stored, 
drummed wastes, or wastes were buried at shallow depths. Data associated with the 4 discrete 
sampling locations identified in Technical Memorandum 5 is not being evaluated in this effort. These 
data were previously addressed under the OU1 Hot Spot Removal Action. 

The final subset of data was collected from Trenches 1-26 in support of the OU2 Phase I I  RFI/RI. These 
samples were collected at the surface (0-3 cm. and 3-6cm.) and to approximately one meter in depth. 



3.0 WORK PLAN REQUIREMENTS 
0 

3.1 OU-I PHASE 111 RFI/RI SURFlClAL SOIL DATA 

Draft Final Technical Memorandum 5, Addendum to the Final Phase Ill RFI/RI Work Plan, Surface Soil 
Sampling and Analysis Plan, Rocky Flats Plant, 881 Hillside Area (Operable Unit No.1) provides the 
scope of the surface soil sampling program. 

The program included collecting samples over a grid covering approximately 52 acres. The OUI  area 
was divided into four-hundied-fifty 50- by 1 OO-foot contiguous rectangle plots, which were sequentially 
number. Twenty-four of the plots were selected for sampling by matching the plots with numbers 
generated from a random number generating process. Four biased sampling locations were selected for 
sampling in IHSSs 106, 130, 119.1 and 119.2. The samples were planned with the RFP sampling 
method -- a mixture of 10 grab subsamples from which one composite sample was generated for 
analysis. Random subsamples from the composite were withdrawn and measured for numerous 
analytical measurements. With through mixing, a physical averaging took place, so that the final sample 
analyzed represented an average concentration of the original grab subsamples and their respective 
locations. 

The Work Plan proposed 24 plots and four discrete locations for a total of 28 surface soil samples using 
the RFP method. 

The Draft Final Technical Memorandum 5, Addendum to the Final Phase Ill RFI/RI Work Plan, Surface 
Soil Sampling and Analysis Plan, Rocky Flats Plant, 881 Hillside Area (Operable Unit No.1) provides the 
surface soil sampling programs QNQC requirements. The analysis program include gross alpha, gross 
beta, plutonium-239/240, americium-241, uranium-233/234, uranium-235, uranium-238, radium-226, 
and Radium 228. However, only results of radionuclides identified in the RFCA (Pu, Am, U-2331234, U- 
235, and U-238) warrant evaluation. 

0 

The OU1 Technical Memorandum No.5 QAA did not state rationale for the evaluation of equipment 
rinsate blank results. Risk Assessment Guidance for Superfund (RAGS, 1989) rationale was better 
suited for this evaluation . RAGS states that if the contaminant is not a common laboratory contaminant 
then “consider site sample results as positive only if the concentration of the chemical in the site sample 
exceeds five times the maximum amount detected in any blank”. Rinsate samples were evaluated 
relative to the RAGS guidance, as well as using RFCA action levels to qualitatively compare to field 
blank values. 

The OU1 TM5 did not specify rationale for the evaluation of duplicate sample results. Therefore, 
consistent with other Environmental Restoration projects at RFETS, the DQO for field duplicate samples 
was 40 percent relative percent difference for homogenous, non-aqueous samples. 

3.2 OU-2 PHASE I I  RFllRl SURFlClAL SOIL DATA 

Technical Memorandum 1 to the Final Phase II RFI/RI Work Plan (Alluvial) provided the scope of the 
surface soil sampling program. The program planned samples over a grid covering approximately 800 
acres. The State of Colorado requires special techniques for construction on lands with plutonium- 
239/240 concentrations greater than 0.9 pCi/g of dry soil. To evaluate the soil-plutonium-239/240 values 
relative to this guideline, the CDH sampling method was employed. However, CDPHE (formerly CDH) 
has subsequently stated that the standard does not apply to the Rocky Flats site. The CDH sampling 
protocol required 25 samples to be composited within a 10-acre area for analysis. Because of the large 



concentrations in soil-plutonium-239/240 near the source, a 2.5-acre grid was sampled immediately east 
of the 903 Pad and around the East Trenches area. @ 
The Work Plan proposed 124 plots for sampling using the CDH method. Eighty-four 4.05-ha plots and 
thirty-four 1 .Ol-ha plots were sampled for a total of 1 18 plots. Plots 2, 8, and 9 were not sampled 
because they were covered with structures andlor pavement. Plots 7,  14, 17, and 18 were not sampled 
because the plots were inside the Protected Area, where the surface is highly disturbed. Plot 0 was 
added during the field implementation stage. 

The Quality Assurance Addendum, QAA 2., to the Rocky Flats Plant Site-Wide QA Project Plan for 
CERCLA RllRS and RCRA RFIIRIICMS Activities for Operable Unit No.2 (Alluvial), 903 Pad, Mound, 
and East Trenches Area Phase I I  RFI/RI, August 1991 provided the data quality objects and sampling 
program for the surficial soils sampling program. The analysis program include Plutonium-239/240, 
Americium-241, and Uranium-2331234, Uranium-235, and Uranium-238. 

. 

The OU2 Work Plan did not propose the RFP sampling method. It appears that the sampling program 
was added later to determine if sampling methods impacted RFI/RI conclusions on radionuclide (activity) 
areal distributions. 

Litaor (unpublished) states: “During the initial phase of the field work for OU 2, it became evident that 
using the CDPHE sampler for the stated objective may be difficult to implement. The CDPHE sampler 
collects only the top 0.64 cm of the soil. This minimal sampling depth exhibited two serious problems; 
( I )  it was difficult to assess the exact boundary between the impacted soil surface and the litter layer 
accumulated above, and (2) the soils within the RFETS have been undisturbed for the last 30 years, 
which facilitated eolian accumulafion and soil development with little or no surface erosion. This 
phenomenon may comprise the main objective of the study to provide a reliable spatial distribution of 
PU-239+240 in the soil environment around RFETS. Hence, a comparative study was conducted to 
assess actinide activity using the CDPHE and the Rocky Flats (RF) sampling techniques.” 

8 

Litaor applied the Wilcoxon Signed Rank test to compare the two sampling techniques and states: 

“The WSR is a non-parametric test because it uses the ranks of the data as opposed to data 
themselves. Two statistical tests were conducted. In the first test the PU-239+240 activities in the 
entire data set of 167 RF samples were compared against the 167 CDPHE samples collected from the 
same plots. There was no significant differences at the 95-percent confidence level between the two 
sampling procedures. Because Pu-239+240 activity in soil changed significantly with distance and 
direction from the former storage site, a distance-dependent data design was developed. There were no 
significant differences between the two sampling procedures in most distance classes. The findings of 
this comparative study suggest that for the purpose of ecological risk assessment, the soil sampling 
technique has little effect on the outcome of the analysis.” 

The RFP method was used to sample the 118 locations where CDH samples were collected. However, 
only data for only 106 locations were downloaded from RFEDS. Plutonium-239/240 and americium were 
analyzed. The OU2 QAA states that uranium isotopes wouM be performed on surface soil samples 
Eight duplicate samples and six rinsate samples were collected. No results for samples collected using 
the RFP method are presented in OU2 Phase I I  report. 

The OU2 QAA provided the data quality objects and sampling program for the surficial soils sampling 
program. These samples were collected in support of the OU2 Phase I I  RFI/RI, with required 
conformance to the QAA requirements set forth in the OU2 QAA. The QAA requirements have been 
previously provided in the CDH method section. 

@ 
n 



* 3.3 SOIL PROFILE DATA 

The OU2 Work Plan proposed the excavation of 26 pits, 1.5 meter long, 1.9 meter wide and 1 .O meter 
deep, in order to access the vertical migration of plutonium-239/240 and americium-241 in soils east and 
south of the RFETS. Surface soil samples from the 26 soil profiles were planned using a modified trench 
method (Harley, 1972). Ten samples were collected over 3 centimeter intervals, beginning at the 
deepest block in the excavation. The samples were collected using a stainless steel scoop and template 
(3 centimeters x 20 centimeters) which were pressed into the wall of the excavation. Three samples 
from each depth were consolidated to provide a better representation of the site. 

The Work Plan described studies of physicochemical association of plutonium and americium in soils 
east of the 903 Pad using a sequential extraction methodology. The soils were to be extracted into four 
major physicochemical fractions; carbonates, organics, sequioxides, and residuals. However, the Work 
Plan also stated that spikes of plutonium-237 were added to soil samples before each extraction step to 
evaluate possible readsorption. If serious postextraction readsorption (1 5%) took place, the sequential 
extraction process would not be performed and samples collected from Trenches 1 to 5 would be 
analyzed for total plutonium-2391240 and americium. The Phase I I  RFllRl Report did not provide results 
of the plutonium-237 spikes. In addition, the report stated that digestion of samples was completed by 
microwave, therefore RFEDS results downloaded represent total radionuclide activity. Sequential 
extractions were not performed. 

The OU2 QAA 2 provided the data quality objectives and sampling program for surficial soils sampling. 
These samples were collected in support of the OU2 Phase I I  RFI/RI and were required to conform to 
the QAA requirements set forth in the OU2 QAA 

4.0 RESULTS 
e 

The data sets from which this report were drawn consist of the following individual files, evaluated on 
Excel spreadsheets downloaded from the RFEDS, and queried based on project identifiers and three- 
dimensional locations of samples. 

4.1 PRECISION 

Use of field duplicates is the primary method of evaluation for overall precision of the radiochemistry 
process. One field duplicate collected for 20 real samples, or one per sampling event, whichever was 
more frequent, was the DQO of interest for evaluation of precision. Although several of the overall 
precision compliance numbers were below the typical data quality objectives of 40% (relative percent 
difference), all but one of the noncompliant values resulted exclusively from samples with very low 
absolute differences between QC and real samples radioactive levels ('7 pCi/g difference). Such 
discrepancies in reproducibility (239,240Pu for the example cited) are two orders of magnitude less than the 
respective Tier 1 action levels. Therefore, overall radiochemistry values for precision, or reproducibility - 
-which encompass both laboratory and field variability -- are satisfactory for the data sets reviewed. 
Recall that "overall" precision includes variability within the lab's radiochemistry measurement process 
as well as that inherent within the field sampling's standard operating procedures and decontamination 
protocols. The one exception to this general conclusion is considered, qualitatively, as an outlier, where 
the delta value was -10.6 nCi/g. 

It should be noted for future radionuclide sampling/analysis that a DQO of 40% RPD for overall project 
precision is ambitious (i.e., unrealistic for 100% compliance), due to the typically low levels of 
radionuclides found in environmental samples, Further, the DQO was based on standard analytical 
chemistry methods -- organics and inorganics -- at the outsets of the cited projects, and was simply * 



adapted to radiochemistry out of convenience and a conservative approach to QC of the 
samplinglanalysis process. Two values that exceeded a 7 pCi/g delta (discussed above) were from 
samples with significant "hits", but as such, were within the DQO of <40%RPD. 

L - 
Am-24 1 Soil - < 40% 34 4 1 25% 

u-2341235 Soil - < 40% 34 4 3 75% 

Observations on precision are discussed below , by project. 

Apalyte Medium Required Total Real Total Number of 
I 3 ' "  $ '  RPD Value Samples Duplicates Duplicates 

Collected Collected within RPD 

,.:r"a, .% 

4.1.1 OU-1 PHASE I l l  RFI/RI SURFICIAL SOIL DATA 

Overall 
Precision 

Compliance 

The data quality objective for field duplicate samples was (40% RPD for homogenous, non-aqueous 
samples. Summary results are provided below, while absolute and delta value are shown in Table 4-1, 
where values are sorted by the absolute difference ("DELTA') in results and in descending order. 

Pu-2391240 
Am-241 

u-2341235 
U-235 
U-238 

OU1 Phase 111 RFllRl - Modified RFP Sampling Method 
Duplicate Sample Results 

Soil - i 40% 118 7 6 86% 
Soil - i 40% 118 7 7 100% 
Soil - < 40% 118 4 3 75% 

Soil - < 40% 118 4 4 100% 
Soil - 40% 118 4 2 50% 

1 U-235 1 Soil 1 ~ 4 0 %  1 34 I 4 I 3 I 75% I 
U-238 Soil - < 40% 34 4 3 75% 

e b.erall, the RPD Lf less than :r equal to 40% f i r  duplicate saIples was met f Lr 70% of the d\plicates 
collected. Sample results validated as rejected were not included in the evaluation. Based on the work 
plan, over 85% of the duplicates should have met the established DQO for precision. 

4.1.2 OU-2 PHASE I I  RFVRI SURFlClAL SOIL DATA 

The data quality objective for field duplicate samples was 4 0 %  RPD for homogenous, non-aqueous 
samples (OU-2 QAA). Summary results are provided below, while absolute and delta value are shown 
in Table 4-2 (CDH-method) and Table 4-3 (RFP-method), where values are sorted by the absolute 
difference ("DELTA') and in descending order. 

OU2 Phase II RFllRl - CDH Sampling Method 
Du pi icate Resu Its 
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Overall, the RPD of less than or equal to 40% for duplicate samples was met for 85% of the duplicates 
collected by the CDH method. Uranium isotopic results for duplicate samples from plots 58, 106, and 
116 were not located in RFEDS. 

@ 

Pu-2391240 
Am-24 1 

OU2 Phase II RFllRl - RF Sampling Method 

Soil - < 40% 107 11 5 45% 
Soil - < 40% 107 11 10 91 % 

Duplicate Results 

Analyte Medium Required Total Real Total Number of Overall 
RPD Value Samples Duplicates Duplicates Precision 

Collected Collected within RPD Compliance 
i 

PU-239 I Soil 

QNQC sample collection requirements were met for both plutonium-2391240 and americium 241 in 
support of the RFP sampling program. However, no real sample results could be located for duplicate 
samples collected at Plot PT089 sample number SSOl120ST. Overall, 68% of duplicate sample results 
were within the specified RPD range. At least 85% of all quality control samples were required to comply 
with the established precision, or RPD goals. This evaluation of duplicate sample results indicates that 
the Pu-2391240 and Am-241 values determined from samples collected using the RFP method do not 
meet the minimum requirements of DQOs for precision. 

- < 40% 258 10 6 60% 

0 4.1.3 SOIL PROFILE DATA 

I U-238 

Consistent with the OU-2 Work Plan, the DQO for field duplicate samples was 140% RPD for 
homogenous, non-aqueous samples. Summary results are provided below, while absolute and delta 
value are shown in Table 4-4, where values are sorted by the absolute difference ("delta) in results and 
in descending order. 

Soil - < 40% 268 10 8 80% 

OU2 Phase II RFllRl - Soil Profile Program 
Duplicate Results 

1 U-2331234 I Soil I ~ 4 0 %  I 268 I 10 I 7 I 70% I 
I U-235 I Soil I <40% I 266 I 10 I 1 I 10% I 

QA/QC sample collection requirements were not met for radionuclide samples collected in support of this 
program. Fourteen duplicate samples were required to be collected to meet the one duplicate per 
twenty real sample ratio. Duplicate and real sample results validated as rejected were not incorporated 
into the evaluation. Overall, 50% of duplicate sample results were within the specified RPD range. At 
least 85% of all quality control samples are required to comply with the established precision, or RPD 
goals. 
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4.2 ACCURACY 

~ ___ ._ 
Analyte Required 

Analytical 
Method’ i -~ 

In general, accuracy of the radiochemical analyses, for all subsets of samples evaluated, was 
satisfactory based on 

Actual Required GRRASP Actual 
Analytical Detection Detection Detection Limit 

Method Limit Limit ( PCi4.I 1 
IPCiW (PC ilg 1 

The percentage of sample results validated, 
The percentage of validated sample results that were acceptable (not rejected), 
Consistency and magnitude of detections limits as compared with RFCA Tier I Action Levels 
(reporting limits were typically 3 to 4 orders of magnitude less than action levels), and 
relatively low to nondetected values of radionuclides in field blank samples (specifically field 
rinsates) associated with the real environmental samples, indicating insignificant bias of real 
samples toward false positive results 

1 Pu-239/240 

Am-24 1 

U-233/234 

Reporting limits for radionuclides in water samples (per GRRASP specifications {DOE/EG&G Rocky 
Flats 1994)) range from 0 01 pCi/L (Pu, Am) to 0 6 pCi/L (U), and were only used qualitatively to 
compare with soif samples which are measured in different units (pCi/g) 

1 ,  J GRRASP Part B 0 03 0 03 - <o 02 
Alpha Spec 

Alpha Spec 

Alpha Spec 

J .  k GRRASP Part B 0 02 0 02 - <O 014 

a c d, g, h GRRASP Part B 0 3  0 3  - <O 060 

4.2.1 OU-I PHASE I l l  RFI/RI DATA 

U-235 1 a c ,  d. g >  h 

u-238 a, c, d. g, h 

Analytical methods performed on samples were performed utilizing alpha spectroscopy methods as 
outlined in the General Radiochemistry and Routine Analytical Services Protocol (GRRASP. DOEIEG&G 
Rocky Flats 1994) Methods proposed in OU 1 TM5 included EPA analytical methods and additional 
published methods The reason for the revision in analytical program is not documented in the OU1 
Phase Ill RFliRl Report However, the proposed method detection limits and GRRASP (ibid ) detection 
limits are identical Results tabulated below indicate that actual detection limits were well within 
contractual specifications given to the labs, as well as significantly less than RFCA action levels 

* 

GRRASP Part B 0 3  0 3  - <O 053 

GRRASP Part B 0 3  0 3  - <O 050 
Alpha Spec 

Alpha Spec 

OU1 Phase 111 RFI/RI - Soil Sampling Program 
Detection Limits 

a. 

c.  

Hark),. J . t1 . .  ud.. 1075. IIASI, Pi-ocedures Manual. I i A S l , - i 0 0 :  Washington. DC. U.S. Energy Research and 
[IC ve lo pili t: ti t ,A din i i i  i 5~1-3 t i  o ii . 
U S .  EPA.  I970  I i ik%ii i  liadiochemical Methodology tor- Drinking Water, Report No. EPA-600i4-75-008. 

4G 



d. U.S. EPA, 1979. Radiochemical Analytical Procedures for Analysis of Environmental Samples, Report No. 
EMSL-LY-0539- I ,  Las Vegas, NV. [J.S. Environmental Protectioti Agency. Cincinnati. OH. U.S. 
Environmental Protection Agency. 
“Methods for Determination of Radioactive Substance in Water and Fluvial Sediment”, [J.S.G.S. Book AS, 
1977. 
U.S. EPA, 1979. Acid Dissolution Method for the Analysis of Plutonium-Plutonium-2j91240 i n  Soils. EPA- 
600/7-79-08 I .  U.S. EPA Envii-onmcntal Monitoring and Support 1,aboratory. Las Vegas, NV. 
Essington, E.H., Drennon, I3..1., Private Conversation. Procedures for the Isolation of Alpha 
Spectrometrically Pure Plutoiii~itii-ISlutoniunl-2j91240. Uranium. and Americium. Los Alamos National 
Laboratories. 
Rocky Flats Plant. Health, Safety, and Environmental Laboratories. Isolation of Plutonium-739:240 from 
Urine Samples. 
U.S. EPA. EPA-570/9-8 1-002, Radioactivity in Drinking Water. 

e 
g. 

11. 

i. 

j .  

k. 

_- -- ~. 
Analyte Required 

Analytical 
Method2 

Blank samples associated with the real samples must also be evaluated to determine if accuracy was 
affected (biased toward false positives) by cross-contamination during sampling or shipment 
specifically, rinsate samples were used for this purpose Although magnitudes of radioactivity can only 
be compared indirectly between the rrnsate results and the real (soil) sample results -- due to different 
matrix types -- results indicate only very low levels of activity (<O 2pCi1L) well within the overall precision 
of the soil sample measurements Therefore no significant cross-contamination is evident from 
decontamination procedures or otherwise, which would bias the real sample results toward false positive 
values Results of rinsates sorted from highest to lowest values are given in Table 4-5 

Actual Required GRRASP Actual 
An a ly tica I Detection Detection Detection 
Method Limit (pcilg) Limit (pcilg) Limit (pcilg) 

4.2.2 OU-2 PHASE II RFI/RI DATA 

1 Pu-239/240 1 I I o p s 
I 

Am-241 I I P q s  

U-2331234 f h i l m n s  

U-235 f h i l m n s  

~ 

The OU2 QAA identified EPA and other published laboratory methods for the determination of 
radionuclides in surface soil samples The samples were analyzed utilizing alpha spectroscopy 
according to the General Radiochemistry and Routine Analytical Services Protocol (GRRASP 1991 ) 
The GRRASP method has identical detection limits (0 03 pCi/g) for plutonium-2391240 and a slightly 
higher detection limit (0 02 pCiig) for americium-241 GRRASP detection limits for uranium isotopes are 
one order of magnitude higher (0 3 pCiig) than proposed (0 06 pCi1g) but are acceptable for the 
determination of spatial extent of contamination at the RFETS Results tabulated below indicate that 
detection limits are at or below those required in the GRRASP with the exception of plutonium and 
americium however exceedances of this magnitude are insignificant relative to RFCA cleanup levels 

I <O 244 

GRRASP Part 6 0 01 0 02 - <O 287 

GRRASP Part 6 0 06 0 3  - <O 077 

GRRASP Part B 0 06 0 3  - <O 300 

1 -  0 03 GRRASP Part B 0 03 I 
Alpha Spec 

I 
Alpha Spec 

Alpha Spec 

OU2 Phase I I  RFIIRI - CDH Sampling Method 
Detection Limits 

U-238 
Alpha Spec 

AlDhaSDec 1 
f h. I I m. n, s GRRASP Part B 0 06 0 3  - <O 300 
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f U.S. €PA, 1979. Radiochemical Analytical Procedures for Analysis of Environmental Samples, 
Report No. EMSL-LY-0539-1, Las Vegas, NV. U.S. Environmental Protection Agency 

h U S .  EPA, 1976. Interim Radiochemical Methodology for Drinking Water, Report No. EPA-600/4-75- 
008. Cincinnati, OH. U.S. Environmental Protection Agency. 

i Harley, J.H., ed., 1975. ASL Procedures Manual, HASL-300: Washington, DC, U.S. Energy 
Research and Development Administration. 

I U.S. EPA, August 1980. Prescribed Procedures for Measurement of Radioactivity in Drinking Water. 
Environmental Monitoring and Support Laboratory. Office of Research and Development. 

m U.S. Geological Survey, 1977 Book 5. Methods for Determination of Radioactive Substances in 
Water and Fluvial Sediments. 

n U.S. EPA, 1979. Acid Dissolution Method for the Analysis of Plutonium-Plutonium-239/240 in Soils. 
EPA-600/7-79-081. U.S. EPA Environmental Monitoring and Support Laboratory, Las Vegas, NV. 

o Essington, E.H., Drennon, B.J . ,  Private Conversation Procedures for the Isolation of Alpha 
Spectrometrically Pure Plutonium-Plutoniurn-239/240, Uranium, and Americium Los Alamos 
National Laboratories. 

p Rocky Flats Plant. Health, Safety, and Environmental Laboratories Isolation of Plutonium- 
Plutonium-2391240 from Urine Samples. 

q U S. EPA. EPA-570/9-81-002, Radioactivity in Drinking Water 
s U.S. EPA. 1987. EPA-520/5-84-006 Eastern Environmental Radiation Facility Radiochemistry 

Procedures Manual 

The OU2 QAA states that equipment rinsate blanks are considered acceptable if the concentration of the 
analytes of interest is less than three times the required detection limit for the analyte However this 
strategy is not consistent with the Risk Assessment Guidance for Superfund (RAGS 1989) RAGS 
states that if the contaminant is not a common laboratory contaminant then consider site sample results 
as positive only If the concentration of the chemical in the site sample exceeds five bmes the maximum 
amount detected in any blank ’ Rinsate samples were evaluated according to the RAGS guidance for 
this effort 

Analytical methods performed on samples collected utilizing the CDH method were performed utilizing 
alpha spectroscopy methods as outlined in the General Radiochemistry and Routine Analytical Services 
Protocol (GRRASP) Methods proposed in the OU2 QAA included €PA analytical methods and 
additional published methods The reason for the revision in analytical program is not documented in the 
OU2 Phase I I  RFllRl Report Based on validation percentages and reporting limits the various 
radiochemistry methods are comparable 

Blank samples associated with the real samples were also evaluated to determine if accuracy was 
affected (biased toward false positives) by cross-contamination during sampling or shipment. 
specifically, rinsate samples were used for this purpose Although magnitudes of radioactivity can only 
be compared indirectly between the rinsate results and the real (soil) sample results -- due to different 
matrix types -- rinsate results indicate only very low levels of activity (<O 14pCiIL) well within the overall 
precision of the soil sample measurements Therefore, no significant cross-contamination is evident 
from decontamination procedures or otherwise which would bias the real sample results toward false 
positive values Results of rinsates. sorted from highest to lowest values are given in Table 4-6 

Although not specified in the OU2 Work Plan the surface soils collected by the RFP method in support of 
the Phase II RFliRl are required to follow the protocols identified in the OU2 QAA 

Sample analyses was performed according to the GRRASP The GRRASP detection limits for Pu and 
Am-241 are similar to the detection limits proposed in the OU2 Work Plan and considered acceptable 
analytical methods Results tabulated below indicate that detection limits exceed those required in the 
GRRASP, however exceedances of this magnitude are insignificant relative to RFCA cleanup levels (2 
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orders of magnitude less than Tier I action levels) e 
Analyte 

OU2 Phase II RFI/RI - RFP Sampling Method 
Detection Limits 

Actual Required Actual Analytical Required GRRASP 
Analytical Method Detection Limit Detection Detection 
Method‘ (PC i@) Limit Limit 

(PCi43) (Pcilg) 
Pu- 

Am-24 1 

I, I, 0 ,  p, s GRRASP Part B, 0 03 0 03 - <2 30 

i ,  I, p, q,  s GRRASP Part B, 0.01 . 0 02 - <5 7290 
Alpha Spec 

Alpha Spec 

Blank samples associated with the real samples must also be evaluated to determine if accuracy was 
affected (biased toward false positives) by cross-contamination during sampling or shipment, specifically, 
rinsate samples were used for this purpose Although magnitudes of radioactivity can only be compared 
indirectly between the rinsate results and the real (soil) sample results -- due to drffererlt matrix types -- 
rinsate results indicate only very low levels of activity (<O 12pCi/L) well within the overall precision of the 
soil sample measurements Therefore no significant cross-contamination is evident from 
decontamination procedures or otherwise which would bias the real sample results toward false positive 
values Results of rinsates sorted from highest to lowest values are given in Table 4-7 

I 

i], 5 
I 

4 2 3 SOIL PROFILE DATA 

Analytical methods performed on samples collected utilizing under the trench program were performed 
utilizing alpha spectroscopy methods as outlined in the General Radiochemistry and Routine Analytical 
Services Protocol (GRRASP) Methods proposed in the OU2 QAA included EPA analytical methods and 
additional published methods The reason for the revision in analytical program is not documented in the 
OU2 Phase I I  RFI/RI Report Results tabulated below indicate that detection limits exceed those required 
in the GRRASP, however exceedances of this magnitude are insignificant relative to RFCA cleanup 
levels (2 orders of magnitude less than Tier I actian levels) 

AlphaSpec 1 

Aloha Socc i 

GRKASI’ Part B 0 01 0 02 - <3 000 

OU2 Phase I I  RFllRl - Soil Profile Sampling Program 
Detection Limits 



Table 4-7. 

SURFICAL SOILS 
RINSATE RESULTS 

RFP-METHOD (OU-2) 

Sample 
Location Type Sample Date I Analyte 
PTOl 1 RNS SS00774STU2 14-OCT-91 Plutonium 2391240 
PTOl 1 
PT019 
PTOl9 
PT020 
PT020 
PT020 
PT083 
PT083 
PT086 
PT086 
PT089 
PT089 
PT I  04 
PTI  04 
PT122 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

IPT122 IRNS 

SS00774STU2 
SS00808STU2 
SS00808STU2 
SS00803STU2 
SS00803STU2 
SS00803STU2 
SS00762STU2 
SS00762STU2 
SS00738STU2 
SS00738STU2 
SSOl141ST 
SSOl141ST 
SSOl136ST 
SSOl136ST 
SS00750STU2 
SS00750STU2 

14-OCT-91 AM-241 
27-NOV-91 Plutonium 239/240 
27-NOV-91 Americium 241 
27-NOV-91 Plutonium 2391240 
27-NOV-91 Americium 241 
27-NOV-91 Americium 241 
1 1 -0CT-91 Plutonium 239/240 
11-OCT-91 AM-241 
08-OCT-91 PU-239,240 
08-OCT-91 AM-241 
1 1 -NOV-92 PU239/40 
11-NOV-92 AM-241 
1 1 -NOW92 Am-241 
1 1 -NOV-92 Pu-239/40 
10-OCT-91 AM-241 
10-OCT-91 PU-239,240 

V 
A 
A 
v 
A 
v 
V 
v 
A 
V 
V 
A 
A 
A 
A 
V 
V - 

713 1/97 



f U.S. EPA, 1979. Radiochemical Analytical Procedures for Analysis of Environmental Samples, Report No. 
EMSL-LY-0539- I ,  Las Vegas, NV.  lJ.S. Environmental Protection Agency. 

h U.S. EPA, 1976. Interim Radiochemical Mcthodology for Drinking Water, Report No. EPA-60014-75-008. 
Cincinnati, 0 H . U. S . En v i roil in e i i  ta I Pro tw t i o i i  Agency. 

i Harley, J.H., ed., 1975. ASL I'rocedures M:inual. HASL-300: Washington, DC, I1.S. Energy Research and 
Development Administratioil. 

1 U.S. EPA, August 1980. Prescribed Procedures for Measurement of Radioactivity in Drinking Water. 
Environmental Monitoring and Support Laboratory. Office of Research and Development. 

m U.S. Geological Survey. 1977. Uook 5. Methods lbr Determination of Radioactive Substances in Water and 
F I u v i a I Sed i i n  en ts , 

n U.S. EPA, 1979. Acid Dissolution Method f'or the Analysis of Plutoniuiii-Plutonium-2~9/240 in Soils. EPA- 
60017-79-08 I .  U.S. EPA Environmental Monitoring and Support Laboratory. [,as Vegas. NV. 

o Essington, E.H., Dreiiiioii, B.J., Private Conversation. Procedures for the Isolation o f  Alpha Spectrometrically 
Pure Plutoniuin-Plutoniuii1-239/240~ liraniuiii, and Aniericiurr. I,os Alamos National Laboratories. 

p Rocky Flats Plant. Health, Safety, and Environinental Laboratories. Isolation of  Plutoniuiii-Pluton~cirn-239/240 
from Urine Samples. 

q U.S. EPA. EPA-57019-8 1-00?, kidioactivity i i i  Drinking Water. 
s U.S. EPA, 1987. EPA-53_0!5-84-006. 

Manual 
'tern Environmental Radiation I'acilitq Kadiochemistr?; Procedures 

Blank samples associated with the real samples must also be evaluated to determine if accuracy 
was affected (biased toward false positives) by cross-contamination during sampling or shipment, 
specifically, rinsate samples were used for this purpose Although magnitudes of radioactivity can 
only be compared indirectly between the rinsate results and the real (soil) sample results -- due to 
different matrix types -- results indicate only very low levels of activity (<lpCi/L) well within the 
overall precision of the soil sample measurements Therefore no significant cross-contamination 
is evident from decontamination procedures or otherwise which would bias the real sample 
results toward false positive values Results of rinsates sorted from highest to lowest values, are 
given in Table 4-8 

e 

4.3 COMPLETENESS 

Completeness relative to previous work plan specifications was adequate Completeness relative 
to the prospective OU-2 surficial soil remediation is indeterminate with this evaluation, and can 
only be determined when the "historical" data reviewed herein are compared with specific 
remediation objectives 

4.3.1 OU-1 PHASE I l l  RFI/RI DATA 

The data was downloaded from the RFEDS and was determined to be 72 percent validated prior 
to evaluating for usability according to this procedure 

4 3 1 1 REAL SAMPLES 

A total of 34 surface soil samples were collected at 28 of the proposed 28 plots The 
radiochemical analyses include gross alpha, gross beta plutonium-239/240 americium-241, 
uranium-2331234, uranium-235 uranium-238, radium-226 and radium 228 As previously stated 
only results from the analysis of plutonium-2391240, americium-241, uranium-233/234, uranium- 
235 and uranium-238 will be evaluated 



Table 4-8. 
TRENCH/PIT 

SURFlClAL SOILS 
RINSATE RESULTS 

r ~ o 3  RNS 

r ~ o 8  RNS 

r ~ o 5  RNS 

r ~ o 3  RNS 

r ~ o 5  RNS 
r ~ o 3  RNS 

r ~ o 7  RNS 

r ~ o 5  RNS 
r ~ o 8  RNS 
r ~ o 3  RNS 
r ~ 2 6  RNS 

r ~ o 5  RNS 
r ~ 1 7  RNS 

TR22 RNS 
TR22 RNS 

rR20 RNS 

rROl RNS 

rROl RNS 

rR02 RNS 
rR20 RNS 

rR12 RNS 

rR20 RNS 

rR22 RNS 
rROl RNS 
rR19 RNS 
rR19 RNS 
rRlO RNS 
r ~ o 3  RNS 
r ~ 1 7  RNS 

r ~ 2 5  RNS 

r ~ o 8  RNS 

r ~ 1 7  RNS 
r ~ 1 7  RNS 
r ~ o 5  RNS 

r ~ 2 6  RNS 

rR20 RNS 

rR09 RNS 
rR02 RNS 

rR20 RNS 

rR11 RNS 

TR00382WCU2 
TR00033WCU2 
TR00033WCU2 
TR00334WCU2 
TR00063WCU2 
TR00368WCU2 
TR00357WCU2 
TR00382WCU2 
TR00357WCU2 
TR00368WCU2 
TR00392WCU2 
TR00405WCU2 
TR00063WCU2 
TR00317WCU2 
TR00268WCU2 
TR00368 WCU2 
TR00334WCU2 
TR00392WCU2 
TR00217WCU2 
TR00063WCU2 
TR00368WCU2 
TR00165WCU2 
TR00033WCU2 
TR00357WCU2 
TROOl49WCU2 
TROOl49WCU2 
TROOl82WCU2 
TR00382WCU2 
TR00165WCU2 
TR00033WC U2 
TR00234WCU2 

TR00405WCU2 
TR00334WCU2 
TR00063WCU2 
TR00165WCU2 
TROO 165 WCU2 
TR00368WCU2 
TR00285WCU2 
TR00217WCU2 

T R O O ~ O I  w c u 2  

. . . . . . . . . . . 

27-JUL-92 
2 7-J U L-92 
20-AUG-91 
20-AUG-91 
10-OCT-91 
22-AUG-91 
13-JUL-92 
08-JUN-92 
27-JUL-92 
08-JUN-92 
13-JUL-92 
29-JUL-92 
10-AUG-92 
22-AUG-91 
09-OCT-91 
25-SEP-91 
13-JUL-92 
10-OCT-91 
29-J U L-92 
19-SEP-91 
22-AUG-91 
13-JUL-92 
05-SEP-91 
20-AUG-91 
08-JUN-92 
04-SEP-91 
04-SEP-91 
12-SEP-91 
27-JUL-92 
05-SEP-91 
20-AUG-91 
23-SEP-91 
0 8- 0 C T- 9 1 
10-AUG-92 
10-OCT-91 
22-AUG-91 
05-SEP-91 
05-SEP-91 
13-JUL-92 
26-SEP-91 
19-SEP-91 

. . . . . . . . . . . . . . . 

U-233,-234 
U-238DA 
PU239140 
AM241 
P u239140 
PU2391240 
U-233, -2 34 
U-235 
U-235 
U-238DA 
U-238DA 
U-233,-234 
PU239/40 
AM241 
U-233,-234 
U-233,-234 
PU239/40 
AM-241 
U-238DA 
U-238DA 
U-233,-234 
U-235 
U238 
U-233,-234 
U-233,-234 
U-233,-234 
U-238DA 
U-233,-234 
PU239/40 
Americium 2 
U-238 
U-233,-234 
PU239/40 
AM-24 1 
U-238DA 
U238 

Plutonium 2 

PU239140 

U-233,-234 

AM-241 

U-233,-234 

. . . . . . . . . . . . . . . . . . 

0.920C 
0.860C 
0.680C 
0.640C 
0.6087 
0.530C 
0.450C 

0.309C 

0.21 23 
0.1912 

0.3300 

0.2330 

o.igoa 
0.1700 
0.1679 
0.1475 
0.1400 
0.1 382 
0.1207 
0.1 135 
0.1100 
0.0966 
0.0952 
0.0900 
0.0750 
0.0732 
0.0732 
0.0699 
0.0520 
0.0514 
0.0500 
0.0477 
0.0459 
0.0440 
0 0406 
0.040C 
0.0381 
0.0242 
0.0220 
0.0208 
0.020E 

PCI/L JA 
PCI/L 
PCVL 
PCVL v 
PCI/L 
PCI/L A 
PCI/L A 
PCIlL A 
PCVL JA 
PCI/L JA 
PCVL A 
PCI/L A 
PCVL 
PCI/L v 
PCI/L A 
PCVL A 
PCI/L v 
PCVL JA 
PCVL A 
PCI/L 
PCI/L A 
PCI/L 
PCI/L 
PCl/L A 
PCI/L A 
PCI/L A 
PCliL A 
PCI/L A 
PCliL 
PCI/L 

PCI/L 

RaOOul 1 o f 2  7/31 /97 



Table 4-8. 
TR E NC H/P I T 

SURFlClAL SOILS 
RINSATE RESULTS 

- 

TR12 

TR19 
TRIO 

TR09 

r ~ o 3  

~ ~ 2 5  

TRX 
r ~ o 3  
T R O ~  
T R O ~  

r ~ 1 4  
r ~ o 4  

r ~ o 3  

r ~ o 7  

r ~ 2 4  
r ~ 2 5  
r ~ 1 4  
r ~ 2 4  
r ~ 2 5  

r ~ 2 6  
r ~ 2 6  
r ~ o 3  
T R O ~  
r ~ o 7  
TROT 
r ~ o 8  

TRIO 

TR12 

TR11 

TR19 

rROl 
rR19 

TR09 
TR09 
rRlO 
rR12 
r ~ 1 4  

1_1 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
?NS 
?NS 
RNS 
9NS 
?NS 
?NS 
?NS 
I N S  
?NS 
?NS 
?NS 
I N S  
?NS 
?NS 
?NS 
?NS 
?NS 
?NS 
?NS 
I N S  
I N S  
?NS 
?NS 
?NS 
I N S  
?NS 

SAMPLE 
TR00268WCU2 
TR00392WCU2 
TROOl49WCU2 
TROOI 82WCU2 
TR00234WCU2 
TR00301 WCU2 
TR00217WCU2 
TR00392WCU2 
TR00423WCU2 

TROOI 82WCU2 
TR00250WCU2 
TR00423WCU2 
TR00268 WCU2 
TR00382WCU2 
TR00285WCU2 

TROOl49WCU2 
TROOl98WCU2 
TR00234 WCU2 
TR00250WCU2 
TROOl98WCU2 
TR00234WCU2 
TR00357WCU2 
TR00149WCU2 
TR00217WCU2 
TR00217WCU2 
TR00392WCU2 
TR00423WCU2 

r ~ o o 3 1 7 w c u 2  

T R O O ~ I ~ W C U ~  

r ~ o o 3 1 7 w c u 2  
F R C ) C ) ~ I ~ W C U ~  

~ R G O ~ O I  w c u 2  
~ ~ 0 0 3 0 1  w c u 2  

TRG0334WCU2 

FRO01 82WCU2 
TR00268WCU2 
TR00250WCU2 

25-SEP-91 
29-JUL-92 
04-SEP-91 
12-SEP-91 
23-SEP-91 
0 8 -0  CT-9 1 
19-SEP-91 
29-JUL-92 
25-AUG-92 
0 9- 0 C T- 9 1 
12-SEP-91 
24-SEP-91 
25-AUG-92 
25-SEP-91 
27-JUL-92 
26-SEP-91 
09-OCT-91 
04-SEP-91 
17-SEP-91 
23-SEP-91 
24-SEP-91 
17-SEP-91 
23-SEP-91 
08-JUTU-92 
04-SEP-91 
19-SEP-91 
19-SEP-91 
29-JUL-92 
25-AUG-92 
39-OCT-9 1 
09-OCT-91 
10-OCT-91 
38-OCT-91 
38-OCT-9 1 
12-SEP-91 
25-SEP-91 
24-SEP-91 

P U23 9/40 
PU239/40 
U-235 
AM-241 
U-238DA 
AM-241 
U-235 
AM-241 
AM-24 1 
PU239140 
P U2 3 9/40 

P U2 3 914 0 
AM-241 

AM-241 
AM-241 
AM-241 
AM-241 
AM-241 
AM-241 
P U2 3914 0 
P U 23 9/40 
PU239140 
AM-24 1 
P U 2 3 9/40 
P U2 3 9/40 

P U 2 3 9/40 
AM-241 

U-235 
U-235 
U-235 
U-238DA 
U-233 -234 
U-235 
U-238DA 
U-235 
U-238DA 
U-235 

0 0180 PCVL A 
0 0122 PCI/L A 
0 0119 PCVL A 
0 0119 PCllL A 
00104 PCVL A 
0 0103 PCliL A 
0 0089 PCl1L A 
0 0079 PCIIL A 
00077 PCl1L V 
00070 PCVL A 
0 0067 PCliL A 
00065 PCI/L A 
0 0061 PCI/L A 
0 0059 PCVL A 
0 0053 PCI/L A 
00037 PCliL V 
0 0036 PCI/L A 
0 0034 PCVL A 
0 0033 PCl1L V 
0 0028 PCl/L A 
0 0018 PCliL V 
0 0015 PCliL A 
0 0013 PCI/L A 
0 0013 PCVL V 
0 0013 PCl1L A 
00010 PCliL v 
0 0000 PCliL A 
0 0000 PCliL A 
0 0000 PCIiL v 
0 0000 PCI/L v 
0 0000 PCliL v 
0 0000 PCliL A 
0 0000 PCliL A 
00000 PCIiL A 
0 0000 PCI/L A 
0 0000 PCI/L A 

\b'R a 00 u 1 2 o f 2  7/31 /97 



Results for 34 "real" samples were downloaded nom RFEDS for plutonium-239/240, indicating 
that 6 sites were sample twice No samples exceeded the detection limit of 0 03 pCi/g No 
plutonium-239/240 sample results were validated as rejected results A plutonium-239/240 value 
was determined acceptable for each sample collected at all 28 plots (100%) The lower plutonium 
value for the plots with two results should be excluded for the usable data set 

Results for 34 "real" samples for americium-24lwere provided from RFEDS, indicating that 6 plots 
were sampled twice No samples exceed the detection limit of 0 02 pCi/g for americium Six 
sample results were validated as rejected results Acceptable results for americium-241 are 
available for 24 of the 28 plots sampled (86%) The rejected results and lower americium value for 
the plots with two results should be excluded for the usable data set 

Results for 34 "real" samples for uranium-233/234 uranium-235 and uranium-238 were provided 
from RFEDS, indicating that 6 plots were sampled twice No samples exceeded the detection limit 
of 0 3 pCi/g No sample results were validated as rejected Therefore, acceptable results for 
uranium isotopes are available for 28 of the 28 plots sampled (100%) The lower uranium value 
for the plots with two results should be excluded for the usable data set 

TM5 proposed the collection of surface soil samples at 28 plots for radiochemical analyses to 
include plutonium-239/240 americium-241, uranium-233/234 -235 and -238 for a total of 140 
sample results Validated data was provided for a total of 136 samples for 97% completion TM5 
states that the target completeness objective for both field and analytical data for this project are 
9 0 010 

e 4 3.1 2 QC SAMPLES 

Overall, 95% of the required QAiQC analyses provided acceptable results 

A total of 4 duplicates were collected and analyzed for plutonium-239/240 americium 24, and 
uranium isotopes in support of the sampling program These samples met the frequency 
requirements of 1 in 20 as required by the QNQC section of TM5 Of the samples analyzed for 
plutonium-239/240, no analyses exceeded the detection limit of 0 03 pCi/g and no plutonium- 
2391240 sample results were validated as rejected The samples were analyzed for americium 
no analyses exceed the detection limit of 0 02 pCi/g However three samples were validated as 
rejected These samples were not utilized in the calculation of the RPD 

Four (4) duplicate samples were submitted to the laboratories for the analysis of uranium 
isotopes, this frequency meets the requirements of the QAA However one of the sample results 
were validated as rejected for all uranium isotopes analyzed Overall with 24 plots being sampled, 
the QAA requires the collection of 2 duplicate samples for a total of 10 analyses (Pu Am U- 
isotopes) Thirteen results were acceptable for a +I 00% completion percentage 

With 28 plots being sampled, the QAA requires the collection of 2 duplicate samples for a total of 
10 analyses Fifteen results were acceptable for +I 00% completion percentage 

A total of 2 rinsate samples were required to be collected and analyzed for a total of 10 analyses 
One americium result was validated as rejected Nine results were considered acceptable for this 

sampling program Therefore, a total of ~ 9 0 O / ~  of the required rinsate data was completed e 



e 4.3.2 OU-2 PHASE I I  RFIiRl SURFACE SOIL DATA 

4.3.2.1 CDH Samplinq Method 

The data was downloaded from the RFEDS and was determined to be 98 7 percent validated 
prior to evaluating for usability according to this procedure Seventy-five results were validated as 
rejected and were excluded as usable data 

' 

4.3.2.1.1 Real Samples 

The OU2 Work Plan proposed the collection of surface soil samples at 124 plots for radiochemical 
analyses to include plutonium-2391240 americium-241, uranium-233/234 -235 and -238 for a 
total of 620 sample results Validated data was provided for a total of 585 samples for 94% 
completion overall The OU2 QAA states that the target completeness objective for both field and 
analytical data for this project are 90% 

A total of 1 18 surface soil samples were collected at 1 18 of the proposed 124 plots for 
radiochemical analyses to include plutonium-2391240, americium-24? uranium-233/234, -235, 
and -238 

Results for 140 "real" samples were downloaded from RFEDS for plutonium-239/240, indicating 
that 22 samples were reanalyzed Twelve samples exceeded the detection limit of 0 03 pCi/g 
However all results of these samples were above the detection limit and are consider acceptable 
for the determination of spatial extent of contamination Eleven plutonium-239/240 sample results 
were validated as rejected results. however these samples were reanalyzed and results were 
validated A plutonium-2391240 value was determined acceptable for each sample collected at all 
1 18 plots (1 00% complete) 

Results for 140 "real" samples for americium-241 were provided from RFEDS indicating that 22 
samples were reanalyzed Fifteen (1 5)  samples exceed the detection limit of 0 02 pCi/g for 
americium These sample results were above the detection limits and are considered acceptable 
Twelve sample results were validated as rejected results, however 11 of the samples were 
reanalyzed and results were validated Sample SSOOO45WCU2 for Plot PT081 was validated as 
rejected and was not reanalyzed Therefore, acceptable results for americium-241 are available 
for 117 of the 118 plots sarnpled (99% complete) 

Results for 142 "real" samples for uranium-2331234 were provided from RFEDS indicating that 24 
samples were reanalyzed One samples exceeded the detection limit of 0 3 pCi1g The result was 
higher than the detection limit but the result was validated as rejected A total of 12 uranium- 
2331234 sample results were validated as rejected however eleven were reanalyzed and the 
results were acceptable Sample SSOOO28WCU2 at Plot PTIOO was validated as rejected and 
not reanalyzed Therefore, acceptable results for uranium-2331234 are available for 117 of the 
11 8 plots sampled (99% complete) 

Results for 144 "real" samples for uranium-235 were provided from RFEDS indicating that 26 
samples were reanalyzed Twelve samples exceed the detection limit of 0 3 pCi/g for uranium- 
235, however, eleven of these samples were reanalyzed and the results were acceptable 
Sample SSOOO28WCU2 at Plot PTIOO was validated as rejected and not reanalyzed Therefore, 
acceptable results for uranium-235 are available for 11 7 of the 118 plots sampled (99% 
complete) 

Results for 144 "real" samples for uranium-238 were provided from RFEDS indicating that 26 



samples were reanalyzed No samples exceed the detection limit of 0 3 pCi/g One sample 
SSOOO28WCU2 at Plot P i 1  00 was validated as rejected and not reanalyzed Therefore, 
acceptable results for uranium-238 are available for 117 of the 118 plots sampled (99Y0 
complete) 

0 
4.3.2.1.2 QC Samples 

General results for precision compliance are discussed in Section 4.1, while rinsate compliance is 
discussed in Section 4.2. Overall, 77% of the required QNQC analyses provided acceptable 
results. 

A total of 7 duplicates were collected and analyzed for plutonium-239/240 and americium 241 in 
support of the CDH sampling program These samples met the frequency requirements of 1 in 
20 as required by the QAA Of the samples analyzed for plutonium-239/240 no samples 
exceeded the detection limit of 0 03 pCi/g Two plutonium-239/240 sample results were validated 
as rejected results and reanalyzed at a different laboratory with results being validated The 7 
samples were also analyzed for americium, no sample results exceed the detection limit of 0 02 
pCi/g Two sample results were validated as rejected results and reanalyzed with results being 
acceptable 

Six (6) duplicate samples were submitted to the laboratories for the analysis of uranium isotopes, 
this frequency meets the requirements of the QAA However two of the sample results were 
validated as rejected for all radionuclides analyzed These two samples were reanalyzed at a 
different laboratory with results being validated With 118 plots being sampled the QAA requires 
the collection of 6 duplicate samples for a total of 30 analyses Twenty-six results were 
acceptable for a 86% completion percentage 

With 118 plots being sampled, the QAA requires the collection of 6 duplicate samples for a total of e 
30 analyses. Twenty-six results were acceptable for a 86% completion percentage 

A total of 7 rinsates were collected and analyzed for plutonium-239/240 and americium 241 in 
support of the CDH sampling program These samples met the frequency requirements of 1 in 
20 for rinsate samples as required by the QAA Of the samples analyzed for plutonium-239/240, 
no samples exceeded the detection limit of 0 03 pCi/g or were rejected Samples analyzed for 
americium-241 did not exceed the detection limit of 0 02 pCi/g or were rejected 

Only 2 rinsates samples were analyzed for uranium-2331234 -235 and -238 This frequency did 
not meet the requirements of 1 in 20 for rinsate samples in the QAA Two analyses for each 
uranium-isotope was performed All analytical results for the isotopes were validated as rejected 
for the first analyses The samples were reanalyzed with results being validated 

Of the 118 plots proposed for sampling 6 rinsate samples are required to be collected Of the 6 
samples determination of plutonium-239/240, americium 241, uranium-2331234, -235 and -238 
were to be performed for a total of thirty analyses Analytical results for rinsate samples were 
acceptable for 18 samples for a completion of 60 percent 

4 3 2 2 RFP Samplinq Method 

Data downloaded from the RFEDS were determined to be 80 percent validated prior to evaluating 
for usability according to this procedure The Phase I I  RFllRl Report states that 118 plots were 
sampled and analyzed, RFEDS provided data for only 106 plots Uranium isotopes were not 
analyzed for samples collected utilizing the RFP sampling method 



4.3.2.2.1 Real Samples 

The OU2 RFI1RI does not state the decision driving the investigation Based on the subsequent 
documentation the data was generated to compare RFP sampling technique with the CDH 
sampling technique Using these assumptions 103 plots provided pIutonium-239/240 results 
which are usable out of 11 8 plots proposed for sampling in support of this program Sample 
results validated as rejected have been excluded This represents 87% of the plots proposed for 
sampling (1 18) provided useful data for the sampling comparison study 
A total of 236 samples were analyzed for this sampling program Thirty-three results were 
validated as rejected and are not usable Therefore a total of 89% of the data is considered 
usable Overall, 83% of the RFP sampling method data proposed to be collected for the 
Comparability study were validated The OU2 QAA states that the target completeness objective 
for both field and analytical data for this project are 90% 

Plutonium-2391240 data was available from 106 plots Plot 28 was resampled therefore, 107 
samples were provided to the laboratory for analysis A total of 114 plutonium-241 analyses were 
performed on these samples Seven samples were reanalyzed Analyses of 32 plutonium- 
2391240 samples exceeded the detection limit of 0 03 pCi/g However all results of these 
samples were above the detection limit and are considered usable for the determination of spatial 
extent of contamination with the exception of 4 which were validated as rejected Four plutonium- 
2391240 sample results previously mentioned were validated as reiected results Data from 103 
plots were determined to be validated of the 107 plots in which data was evaluated However 118 
plots were to be evaluated therefore 87% of proposed plots generated americium-241 data which 
was validated 

Americium data was available from 106 plots Plot 28 was resampled therefore 107 samples 
were provided to the laboratory for analysis A total of 174 americium-241 analyses were 
performed on these samples It appears that 72 samples were reanalyzed Thirty-two samples 
exceed the detection limit of 0 02 pCi/g for americium Fourteen of these sample results were 
above the detection limits and are considered usable Twenty-nine sample results were validated 
as rejected results Results for 135 analyses were validated from 92 plots Numerous plots had 
multiple americium-241 'real' results because of sample reanalysis or two separate laboratories 
performing analyses on the same sample The lower result value was excluded from the 
database leaving one (the highest) americium-241 value for each plot Ninety-two plots have 
americium-241 results of the 107 plots in which data was evaluated With an original objective of 
118 plots, 78% of proposed plots generated usable americium-241 data 

4 3.2.2 2 QC Samples 

A total of 11 duplicates were collected and analyzed for pIutonium-239/240 and americium 241 in 
support of the RFP sampling program These samples met the frequency requirements of 1 in 20 
as required by the QAA Of the samples analyzed for plutonium-239/240 two samples exceeded 
the detection limit of 0 03 pCi/g Two samples exceeded the detection limit of 0 02 pCi1g for 
americium 
sample result data is considered usable 

No results were validated as rejected therefore a total of 100% of the duplicate 

A total of 8 rinsates were collected and analyzed for plutonium-239/240 and americium 241 in 
support of the RFP sampling program's 118 locations These samples met the frequency 
requirements of 1 in 20 for rinsate samples as required by the QAA Of the samples analyzed for 
plutonium-2391240, no samples exceeded the detection limit of 0 03 pCi/g or were rejected 
Samples were collected and analyzed for americium-24 1 no samples exceeded the detection 



limit of 0 02 pCi/g or were rejected 

Of the 1 18 plots proposed for sampling 6 rinsate samples are required to be collected Of the 6 
samples plutonium-2391240 and americium 241 were planned for a total of twelve analyses 
Analytical results for rinsate samples were acceptable for 16 analyses for a completion of 100 
percent 

e 

4.3.3 SOIL PROFILE DATA 

Data were determined to be 97 percent validated. The Phase I I  RFllRl Report states that 26 plots 
were sampled and analyzed, RFEDS provided data for only 25 plots. Samples from Trench 6 
exceeded limitations for transporting to an offsite lab and therefore were not evaluated. 

4.3.3.1 Real Samples 

Overall, 921 sample results provided acceptable data out of 1,300 proposed (5 analyses x 260 
samples) analyses for a 71 '/o completion 

Plutonium-239/240 data was available from 25 trenches with 258 samples A total of 296 
plutonium-239/240 analyses were performed on these samples Forty samples were reanalyzed 
Analyses of 15 plutonium-239/240 samples exceeded the detection limit of 0 03 pCi/g of which 6 

of the sample results were validated as rejected However results of the remaining samples were 
above the detection limit and were acceptable A total of 73 results were validated as rejected 
Plutonium-239/240 data from 224 samples were determined to be validated at 24 of the 26 
trenches in which data was evaluated Based on 10 samples proposed at each of the 26 trenches, 
86% (224/260) of the plutonium-239/240 data was validated and useable 

Americtum-241 data was available from 25 plots with 257 samples A total of 301 americium-241 
analyses were performed on these samples Approximately 44 samples were reanalyzed Forty- 
two samples exceeded the detection limit of 0 02 pCilg for americium and 38 of these were 
rejected, leaving four results above detection limits and considered usable A total of one- 
hundred- nine americium samples results were validated as rejected Results for 184 analyses 
were validated from 21 trenches Seventy-one percent (1 84/260) of the americium data was 
evaluated as acceptable 

Uranium-233/234 data was available from 25 plots with 258 samples A total of 268 uranium- 
233/234 analyses were performed on these samples Approximately 10 samples were 
reanalyzed Eighteen samples exceeded the detection limit of 0 3 pCi/g of which all these results 
were rejected A total of ninety uranium-233/234 samples results were validated as rejected 
Results for 171 analyses were validated from 17 trenches Sixty-six percent (1 71/260) of the 
uranium-233/234 data was evaluated as acceptable 

Uranium-235 data was available from 25 plots with 258 samples A total of 268 uranium-235 
analyses were performed on these samples Approximately 10 samples were reanalyzed Four 
samples exceeded the detection limit of 0 3 pCi/g of which all these results were rejected A total 
of ninety-five uranium-235 samples results were validated as rejected Results for 171 analyses 
were validated from 17 trenches Sixty-six percent ( 1  711260) of the uranium-235 data was 
evaluated as acceptable 

Uranium-238 data was available from 25 plots with 258 samples A total of 268 uranium-238 
analyses were performed on these samples Approximately I O  samples were reanalyzed 
Thirteen samples exceeded the detection limit of 0 3 pCi/g of which all these results were * 



rejected A total of ninety-seven uranium-238 samples results were validated as rejected Results 
for 171 analyses were validated from 17 trenches Sixty-six percent (1 711260) of the uranium-238 
data was evaluated as acceptable 

e 
4.3.3.2 QC Samples 

Based on the number of samples collected (268) to meet the one in twenty frequency, fourteen 
samples should have been collected for each analytical method Five analyses were to be 
performed on each duplicate for a total of 70 analyses The evaluation indicates that results from 
41 analyses provided acceptable results for 59% (41/70) completion factor 

Ten duplicate samples were collected in support of the trench project These samples did not met 
the frequency requirements of 1 in 20 as required by the QAA Eleven analyses were performed 
for plutonium-239/240 Of the samples analyzed for plutonium-2391240 no analyses exceeded 
the detection limit of 0 03 pCi/g Two plutonium-239/240 QA/QC sample results were validated as 
rejected results, one sample was reanalyzed and the results were validated Nine samples 
provided acceptable results 

Twelve analyses were performed for americium-241 two samples exceeded the detection limit of 
0 02 pCi/g and were validated as rejected A total of 4 sample results were validated as rejected, 
one sample was reanalyzed with acceptable results Eight samples provided acceptable results 

Eleven analyses were performed for uranium-2331234 no samples exceeded the detection limit of 
0 3 pCi/g A total of 3 sample results were validated as rejected one sample was reanalyzed 
with acceptable results Eight samples provided acceptable results 

Eleven analyses were performed for uranium 235 one sample exceeded the detection limit of 0 3 
pCi/g and was validated as rejected A total of 3 sample results were validated as rejected Eight 
samples provided acceptable results 

e 
Eleven analyses were performed for uranium-238, no samples exceeded the detection limit of 0 3 
pCi/g A total of 3 sample results were validated as rejected Eight samples provided acceptable 
resu I ts 

Overall, 75 rinsate analyses provided acceptable results, 14 samples and 70 analyses were 
required to meet the 1 in 20 frequency Rinsate results were 100% complete 

A total of 23 nnsates were collected and analyzed for plutonium-2391240 americium 241 and 
uranium isotopes in support of the trench sampling program These samples met the frequency 
requirements of 1 in 20 for rinsate samples as required by the QAA Of the samples analyzed for 
plutonium-239/240, four samples exceeded the detection limit of 0 03 pCi/g, of which two were 
validated as rejected A total of three samples results were vaiidated as rejected One sample 
result which was not validated had a result lower than the detection limit and was excluded from 
the evaluation Analyses of nineteen samples provided acceptable results 

Samples were collected and analyzed for americium-24 1 nine samples exceed the detection limit 
of 0 02 pCi/g of which three were validated as rejected 
validated as rejected Analyses of twenty samples provided acceptable results for americium-241 

These were the only sample results 

Twenty-three samples were collected and twenty-five analyses were performed for uranium-235 
Three samples exceeded the detection limit of 0 3 pCi/g of which none were validated as rejected 

A total of six results were validated as rejected providing nineteen sample results which were a acceptable 



Samples were collected and analyzed were for uranium-238. three samples exceed the detection 
limit of 0 3 pCi/g of which none were validated as rejected A total of six results were validated as 
rejected, providing seventeen sample results which were acceptable 

0 

liequired Number Actual Deviation From 
of Sninples per Nuinher of Work Plan 
S a  in pling P l a~ i  S;imi)les 
Specifica tions c'o I lccted 

4.4 REPRESENTATIVENESS 

Justification 

In general, samples are representative of the media requested in the original work plans, based 
on work plan compliance and compliance with required sampling protocols (Le., standard 
operating procedures {SOPS}). Adherence to procedures was verified by several QA 
surveillances in the field. 

Radionuclides 

4.4.1 OU-I PHASE Ill RFI/RI SURFlClAL SOIL DATA 

4 6  1 Plots RAO I I ,  RAO I 5, R A O ~  I, 
KAO32, RA033. and RA037 

I 
~~ ~~ 

28 Plots 34 
1 

, were sampled twice 

Twenty-eighth plots were identified in TM5 for sampling A total of 34 samples were collected 
from 28 plots for a total of 100% of the locations being sampled 

Representativeness of OU1 Phase 111 Sampling Results 

4.4.2 OU-2 PHASE II RFI/RI DATA 

One hundred-twenty four plots were identified in the OU2 Work Plan for sampling A total of 1 18 
plots were sampled utilizing the CDH method for a total of 95% of the locations being sampled 

RFP samples were collected at each plot a CDH sample was collected for a total of 11 8 samples 
Only data from 106 plots were obtained from RFEDs The analytical results from the remaining 
12 plots could not be located in RFEDS 

Representativeness of CDH Sampling Method Results 

1 IS 

Work Plan 

6 Plots 2. 8. and 9 were not 
sampled because they were in 
areas covered with asphalt. 

f'lots 7. 14, 27, and I8 were 
not sampled because they are 
located in the PA fence and 
soils are highly disturbed. 

I 



k q u i r e d  Numlwr 
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Specifications 

- 
Act Ila I Deviation From Justification 

NuniI)er of Work Plan 
Sam pies 

Collrctetl 

One hundred-eighteen plots were sampled by CDH methods and were to be sampled by RFP 
methods Data for 106 plots were located and. evaluated for a total of 90% of the plots being 
evaluated 

Soil samples were collected at each of the 26 trenches Samples collected from Trench 6 exceed 
DOT shipping restrl:t!ons and were not analyzed 

Representativeness of RFP Sampling Method Results 

I 

Radionuclides I I18 I -12 I OU2 Phase I1 RFIiRI Report states 

program following 
implementation of field 
program. 

RFP samples were collected at all 
locations CDH samples were 
collected. Only results from I06 
plots could be located for this 
evaluation i,- 

The collection 01 I i f  1’ method sa i lp i c \  ne i e  riot i n c l t i i f d  i i i  the OU2 Work Plan 

4 4 3 SOIL PROFll L IIAl-A 

Representativeness of OU2 Phase I1 Trench Results 

Radionuclides 

~ 

OU2 Phase I1 RFIiRI Report states 
Trench samples were collected at 
all locations. However, Trench 6 
samples exceed DOT shipping 
restrictions and could not be sent 
off site for analyses. 



4.5 COMPARABILITY 

Based on radiochemical methods used and cited, radiochemical values of the samples between 
the projects are comparable. However, the areal extent that is represented by each sample result 
may not be comparable, and must be evaluated on a location-by-location basis relative to the 
remediation area and "working" soil-volumes of interest. 

5.0 CONCLUSIONS 

Although several DQOs specific to the original work plans were not met with respect to several of 
the PARCC parameters, fundamental quality controls on the radiochemistry data were adequate 
to allow use of the data within the context of their representative three-dimensional locations, and 
with respect to current RFCA action levels (Tier I or I I )  

The OU1 Phase I I  surface soil program employed systematic composite sampling techniques at 
the center of a randomly selected 50 x 100 feet plots This method involved the collection of 10 
grab samples and mixing them together and analyzing a subsample for the composite A physical 
averaging process took place so that subsamples represent the average concentration of the 
original grab samples Therefore, the sample results represents some average activity over the 
area sampled The sample results do not measure variability of extreme concentrations (e g , hot 
spots) 

The CDH sampling method employed systematic composite sampling techniques over entire plots 
sampled on either 2 5 or 10 acre areas These methods involved the collection of 25 grab 
subsamples and mixing them together and analyzing a portion the composite A physical 
averaging process took place so that subsamples represent some average concentration of the 
original grab samples Therefore, sample results represent some average activity over the 
sampled plot The sample results do not measure variability of extreme concentrations over the 
subsampled area 

The RFP sampling method employed systematic composite sampling techniques at the center of 
each plot previously sampled by the CDH sampling method This method involved the collection 
of 10 grab samples from two separate square meter areas separated by one square meter The 
grab subsamples were mixed together and a portion was collected for the composite sample 
finally analyzed A physical averaging process took place so that a physical average 
concentration of the original grab samples was measured Therefore the sample results only 
represent an average activity over the sampled area 

The OU2 Trench sampling method employed composite sampling techniques at several depths 
within a trench This method involved the collection of 3 grab samples from the same depth of the 
trench The grab samples were mixed together and a subsample was collected for the composite 
A physical averaging process takes place so the subsamples rewesent the average 
concentration of the original grab samples T h e f o r e  the sample results represents an average 
activity over the sampled depth at the specific trench location 

Samples were collected at all 26 trench locations and analyses from 25 locations were provided 
by RFEDS Samples collected from trench 6 were not analyzed because sample activity 
exceeded routine DOT shipping requirements The analyses of samples provided an adequate 
number of acceptable data f o r i  90% completion The data were of sufficient quality to meet 
completion requirements of the OU1 Phase I l l  RFliRl DQOs e 
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I I .  

1 2 .  

13. 

14. 

f rom Uui ld lnrJ  776 to  Ou i l d i ng  7 7 4  e l im ina ted  t h i s  
addi c lonal  oi 1 drum gcncrat ion .  

Dur ing  thc t r a n s f e r  opc ra t i on s ,  i t  was noccd that  a t  
thc bottom of a !  1 drums a dcposi t o f  s ludge  remaincd 
a f t e r  ranoval o f  thc o i l .  
f rom I/Z inch to 3 inc3cs  and avcragcd approx imately  
1 inch. By drum countcr  r e su l t s  the s l udge  w i t h i n  
thc  cmpty drums contJ ined J to ta l  o f  5 , 1 5 2  grams of  
p luton ium. These cmpty drums were  l a t e r  d i spo sed  of  
by adding  O i l  Dry and 3 ic roCc l  to ahsorb the s ludge.  
The drums conca in inq  the plutonium s ludge  and absor- 
bent were then incascd in  g l a s t i c ,  p laced in boxes, 
and s h i p p e d  t o  tne b u r i a l  grounds.  

T h e  t o ta l  number o f  drums o r i g i n a l l y  in  the f i e l d  
numbered 5,237. A f te r  t r an s fe r  of  content s ,  4,826 
drums were t ranspor ted  to 3u i l d i ng  7 7 4  o f  which 
3.572 conta incd  plutonium contaminated o i  1.  

T h i s  s ludge  v a r i e d  in depth 

Taking the t o t a l  number o f  5 , 2 3 7  drums minus 4 , 3 2 6  
drums, conta in ing  30 Gallons eacn, wnich were sent 
to B u i l d i n g  774  leaves 4 1 :  drums io be accounted for.  
The best  exp lanat ion  f o r  the 411 drums and t h e  volume 
conta ined  w i th i n  each fo i  l o w s :  

A .  All of ;hc drums s en t  to :he oi 1 
s to rage  f i c l d  o r i g i n a l l y  were not 
completely f u l l .  

6 .  Volume taken U P  by :ha s ludge which 
was d i scarded  wirh the cmpty b a r r e l s .  

C. Leakage out  o f  :he b a r r e l s  and i n t o  
.- tna ground within the s to rage  area.  

To the b c s t  o f  everyone’ s  memory and knowledge, a t o ta l  
of  approx imatc ly  100 b a r r e l s  conta in ing  50 g a l l o n s  each 
o r  5,000  g a l l o n s  o f  o i l  leaked out o f  :he drums and was 
absorbed i n t o  the so i  1 within :he fencad a r e a .  

The average o f  all o i l  samyles taken from the p lutonium 
contaminated oil b a r r e l s  was approximarcly 5 x IO*’  grams 
of plutonium per  l i t e r  o f  o i l .  This numbcr i s  backed up 
by the letter from fl. E. bfaas dstcd September 24, 1963, 
t ha t  shows a t0t.11 of 3.365 G r m s  o f  p luton ium which was 
accounted for  dur ing  t h c  7rocess  o f  t h e  contaminated o i  1. 
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15. 

16 .  

1 i. 

18. 

19. 

20.  

21.  

Thcrc 
Cui Id 
sol id 
2,'171 
thc 3 

wcrc 594 grams  salvagcd from filters out of 
ng 703 and accountcd for from organic liquid 
ficjcion proccssing in 3uilding 774 were 
grams total ing 3,065 grams. Thcreforc, taking 
572 drums o f  plutonium which wcre processed at 
Ions cJCh w c  z)ct J total O f  178,600 gdf [On$ 50 gJ 

or Gj5,lO8 liters of oil. Dividc this number 
of 675,108 I Itcrs into 3,065 grams and we get 
* -, . - - I  . .  
4.54 x IO - grams p e r  1 1  tcr. 

Using 4 .  j 4  x io-' grams ~i tcr in conjunction ' ' 
with the estimated 5 , 0 0 0  gallons of o i l  that rcmains 
undcr t h e  asphalt we wi 11 qct ( 5 , 0 0 0  g a l  Ions o r  
I O , ~ O O  liters x 4.54 x IO- grams p e r  liter) -.. 
85.81 grams o f  plutonium (This is the amount of 
plutonium remaining undcr the asphalt pad.). 

Hay 28, 1561. through June ! I ,  1968,  the remain ing  empty 
drums and wooden paliecs were placed into waste boxes 
and sh ipped.  

In July, 1968, a survey of the plutonium contamination 
on tne surface o f  the soil in :he 903 Area was ccmpleced. 
The results o f  :he survey and the Health Physics  
rccommenda t ion f o r  con tai nmen t o f  thc con tami na t ion 
were sent  to Division Serviccs, Manufacturing and 
F a c i  I I tics. 

In October, 1968, weeds and vegetation were burned o f f  
the 903 contaminated b a r r e i  scorage area prepa ra to ry  
t o  app l y i n g  an asphalt cap over the area. No airborna 
con rami na t ion prob 1 ems wc re encou n tcrcd . 
In November, 1968, grading outsidexhe hot fence area 

"was started i n  preparat ion  co applying an asphalt cap 
avcr thc J ~ C J .  This i ,or i  :ons;rccd of moving slightly 
r n n r = r n i n a r o d  e n i i  r n  tee f p n r , - d  a r e a -  ""..-"..,...-.-- - - . .  _ _  _..- - - -  

In late Novenbcr,  1768, the six contaminated holding tanks 
outside Building 903 were disconnected and crated for  
shipment to hot waste. 

On Oecember 17, 1763, E. NatheWS, USAEC ACO Operational 
Safety Division, visitea Rocky F l a t s .  
h i s  visit w a s  to dis:uss chc history and corrective 
actions for the 503 A r e d .  tic d l s o  indicated an interest 
in the drun s torage  area cas:  of : h e  nitrate ponds. 

The purpose of 
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26.  
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On January 15, 1963, the hot  fence was :ed i n to  two 
hot waste  boxes and sh i  pped. 

On February I s ,  1969, t h r c c  more waste boxes were shipped 
from the 903 Arca conta in ing  TYPQ 5 L\SA waste.  

Thc two f o r k  lifts which were h i g h l y  contarninatcd d u r i n g  
the o i  1 drum removal were p laced In to wooden c rates  and 
sh ipped t o  hot waste on  Apri! !, 1969. 

2 0 0 0 5 9 5 - 0 0 0 0 6 5 8 4 - 5 0 2  

D u r i n g  K a y ,  1969, a total o f  33  drums of contaminated 
rocks w c r c  removed from the 903 Area  and d i scarded  a s  
hot, was te . i 

'In Hay, 1969, B u i l d i n g  904 was decontaminared and 
removed t o  a l o ca t i on  eas t  o f  the F i r e  Barn to accomodate 
drybox f larnm~bi 1 i t y  s:udics. 

I n  May, 1969, :he r o a d  grader  used to move contaminated 
s o i l  and rocks  o u t s i d e  of  the 903 fenced area  was dccontam- 
inated and rc leased  :o surp~us. 

I n  July, 1969, 3 u i l d i n g  903 w a s  moved to a l o ca t i on  
immediately eas:  of B u i l d i n g  666. 

On J u l y  2 3 ,  1969, the f i r s :  course  of  f i l l  was app l ied  to 
the 903 A r e a .  

The b a s e  cour sc  mater ia l  o v e r l a y ,  the soi  1 s t e r i  l a n t ,  and 
:he a spha l t  prime coat f o r  tSe 903 contamination b a r r i e r  
were completed on September 24 ,  1969. 

Our ing  October, 1969. t h c  a spha l t  was app l ied.  The four - 
sample wells around :hc 903 Area wprc completed on 
November 1 1 ,  1 9 6 7 .  

Starting February 2 3 ,  1970, opera t i on s  were S ta r ted  to app l y  
a d d i t i o n a l  f i l l  over the su r round ing  a r e a  d i r e c t l y  eas t  of  . 
903 due to  s o i  I contamination. 

Add i t i ona l  s o i l  f i l l  operat ions  were conpleted on 
Harch  4 .  1970. 

A s  O f  A p r i l  3 ,  1970, no wate r  has been detected in the w e l l s .  

H c a l t h  Physic?$ 

K J F :  s 1 s 
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EXECUTIVE SUMMARY 

This document summarizes existing data and information for the future development of an 
interim measurehnterim remedial action (IMAM) which will provide an expedited remedial 
action strategy for contaminated surface and subsurface soils at the 903 Pad, 903 Lip Area, and 
associated radiological contaminated soils in the Buffer Zone Operable Unit (OU), formerly part 
of Operable Unit No.2, at the Rocky Flats Environmental Technology Site (WETS) in Jefferson 
County, Colorado. The U.S. Department of Energy (DOE) will request comment and approval 
from the public, the U.S. Environmental Protection Agency (EPA) Region VIII, and the 
Colorado Department of Public Health and the Environment (CDPHE) on the IWIRA. Under 
terms of the Rocky Flats Cleanup Agreement (RFCA) dated July 19, 1996, the EPA is designated 
as the lead regulatory agency for the Buffer Zone Operable Unit. 

Individual Hazardous Substance Sites (IHSSs) of primary concern are the 903 Drum Storage 
(903 Pad) Site (IHSS 112), and the 903 Lip Area (IHSS 155), also known as the Americium 
Zone. This document also addresses all surficial soils in the area including radiologically 
contaminated soils east of the 903 Lip Area including surface soils in Operable Unit No. 1. 

Based on data provided from previous investigations and the OU2 Phase I & I1 Resource 
Conservation and Recovery Act (RCRA) facility investigations/Comprehensive Environmental 
Response, Compensation and Liability Act (CERCLA) remedial investigations (RFI/ RI), 
various remedial alternatives have been identified and evaluated to: 

Remediate the sources of surface and subsurface soil contamination at IHSSs 112 and 155 
and associated radiological contaminated soils to protect human health and the environment 
from unacceptable exposure based RFCA Tier I Action Levels for restricted open space land 
use scenario. 

Provide surface and subsurface-soil remediation that will be consistent with the final 
corrective action decisiordrecord of decision (CAD/ROD) for the Buffer Zone OU. 

Remedial alternatives that were potentially applicable to these IHSSs and the associated 
radiological contaminated soils are been tentatively identified as: 

Excavation of VOC contaminated materials at the 903 Pad for ex situ treatment and off site 
shipment of soils exceeding radiological putback levels, excavation of the remaining 
radiological contaminated soils for off site disposal; 

Excavation of VOC contaminated materials at the 903 Pad for ex situ treatment, physical 
separation, and off site shipment of soils exceeding radiological putback levels, excavation of 
the remaining radiological contaminated soils, physical separation, and off site disposal; and 
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Excavation of VOC contaminated materials at the 903 Pad for ex situ treatment, putback 
treated soil at 903 Pad site. Excavation of radiologically contaminated surface soils, 
transporting soils to the existing 903 Pad area and construction of a engineered cover. 

This document describes contaminated surface and subsurface soils at the 903 Pad, 903 Lip Area, 
and associated radiological contaminated soils located in the Buffer Zone OU (which contains 
the former OU 2) as well as radiologically contaminated surface soils in OU I .  IHSSs which are 
expected to require remediation include: 

IHSS 112 903 Pad Drum Storage Area; 
IHSS 155 903 Lip Area; and 
IHSS 140 Reactive Metal Destruction Site. 

The Gas Detoxification Site (IHSS 183) includes Building 952, the Toxic Gas Storage Building. 
is located within the 903 Lip Area boundary. A no further action (NFA) has been determined for 
this IHSS as stated in the Ten Year Plan (DOE, 1996). 

1.0 PURPOSE 

This document summarizes existing data which will be used to perform an accelerated remedial 
action for Individual Hazardous Substance Sites (IHSSs) and contaminated surface and 
subsurface soils within the study area. The study area includes: 

903 Pad Drum Storage Site (II-ISS 1121, 
903 Lip Area (IHSS 155), 
Reactive Metal Destruction Site (IHSS 140), and 
Buffer Zone OU won-IHSS) and Operable Unit No.1 Surface Soils. 

This document addresses contamination in surficial soils associated with the 903 Pad and Lip 
Area, including those in OU1 88 1 Hillside Area, and soils east of the 903 Pad and Lip Area. 

Because the large volumes of contaminated subsurface and surface soils requiring remediation 
three remedial alternatives were assumed to be viable. These alternatives are: 

0 Excavation of VOC-contaminated soils at the 903 Pad for ex situ treatment, off site 
shipment of soils exceecliiig putback levels, and excavation of the remaining 
radiological contaminated soils for off site disposal. 

0 Excavation of VOC-contaminated soils at the 903 Pad for ex situ treatment, physical 
separation, off site shipment of soils exceeding putback levels, and excavation of the 
remaining radiological contaminated soils, physical separation for waste reduction 
purposes, and off site disposal. 
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Excavation of VOC-contaminated soil beneath the 903 Pad for ex situ treatment, 
replacing treated soils in excavation, protect with temporary engineered cover (Year 
1). Excavation of radiological contaminated surface and subsurface soil beyond the 
903 Pad area, transporting and placing soils at the 903 excavation site for capping 
with engineered cover. 

2.0 PROJECT DESCRIPTION 

2.1 903 Pad and 903 Lip Area 

Drums that contained radioactively Contaminated oils and volatile organic compounds (VOCs) 
were stored at the 903 Drum Storage Area (Figure 2-1) site from the summer of 1958 to January 
1967 when this area was an open field. Drum storage at the 903 Pad occurred over the entire pad 
area, with the maximum number of drums stored in April 1965, based on historical photographs 
(RMRS 1995a). Approximately tliree fourths of the drums contained plutonium-contaminated 
liquids while most of the remaining drums contained uranium-contaminated liquids. Of the 
drums containing plutonium, the liquid was primarily lathe coolant and carbon tetrachloride in 
varying proportions. Also stored in the drums were hydraulic oils, vacuum pump oils, 
trichloroethylene, perchloroethylene, silicone oils, and acetone still bottoms. A description by 
Catkins (1970) of the drums that were stored at the drum storage site follows: 

Most of the drunis transferred to tlie field were nominal 55-gallon drums, but a significant 
number were 3 0-gallon drums that were not completely full. Approximately three- 
fourths of the drums were plutonium contaminated, while most of the balance contained 
uranium isotopes. Of those containing plutonium, most were lathe coolant consisting of a 
straight-chain hydrocarbon mineral oil (Shell Vitrea) and carbon tetrachloride in varying 
proportions. Other liquids were contained, including hydraulic oils, vacuum pump oil, 
trichloroethylene, perchloroethylene, silicone oils, and acetone still bottoms. Originally, 
contents of the drums were iiidicated on the outside, but these markings became illegible 
through weathering and no other records were kept on the contents. Oil leakage was 
recognized, and in 1959 (or possibly earlier) ethanolamine was added to the oil to reduce 
the corrosion rate of the steel drums. 

Drum leakage was noted at tlie 903 Pad Drum Storage Site as early as 1959. Initial corrective 
action consisted of transferring the contents of the leaking drums to new drums and installing a 
fence around the area to restrict access. Approximately 420 drums showed evidence of leakage, 
and of these, an estimated 50 leaked their entire contents (Dow Chemical, 197 1). An estimate 
5,000 gallons of liquid (Freiberg, 1970) containing 86 grams (8) of plutonium (5.3 Curies [Ci]) 
leaked into the soil (Dow Chemical, 1971). 
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A heavy rainstorm in August 1967 caused contaminants to migrate into a ditch south and 
southeast of the drum storage site (Dow Chemical, 1971). During an investigation conducted by 
the Atomic Energy Commission (AEC) Health and Safety Laboratory (HASL), it was estimated 
that as much as 125 g total of plutonium-239 (7.7 Ci) were released from the 903 Pad Drum 
Storage Site and redistributed by winds (Krey and Hardy, 1970). 

From 1968 through 1969, some of the radiologically contaminated soil material was removed, 
the surrounding area was regraded, and much of the area, including the 903 Lip Area, was 
covered with a clean road base. An asphalt cap was constructed over the fenced drum storage 
area in October 1969. 

During radiological monitoring of the 903 Pad in 197 1, four “hot spots” were identified. This 
lead to the removal of 3 1 kilograms (kg) of depleted uranium and up to 10.3 milligrams (mg) of 
plutonium from beneath the asphalt cover. During sampling activities associated with this 
removal action, an oil layer, contaminated with depleted uranium, was discovered in two separate 
boreholes at depths of 45.7 and 76.2 centimeters (cm) (18 inches and 30 inches respectively). A 
clay layer was noted beneath the contaminated zone. At that time, no contamination was found 
below the clay layer, and it was believed that the clay layer served as a natural barrier to 
downward migration of contaminants. However, the OU2 RFIM (DOE, 1995) identified 
radiological contamination at decreasing concentration from 0.6 to 6 meters (2 to 10 feet 
respectively) below ground surface (bgs). 

During drum storage, removal and cleaiiup activities associated with the 903 Pad Drum Storage 
Site, wind and rain redistributed plutonium beyond the 903 Pad. Contamination was primarily to 
the south and east, extending to the southeast perimeter road creating IHSS 155 - 903 Lip Area 
(Figure 2-2). An estimated 16g of plutonium-239/240 were redistributed beyond the asphalt 
pad, in an area exceeding 2,000 acres (RMRS, 1995). 

2.2 Reactive Metal Dcstruction Site (IHSS 140) 

The Reactive Metal Destruction Site, also know as the Hazardous Disposal Area is located on the 
hillside south of the 903 Drum Storage Site. This site was used during the 1950s and 1960s 
primarily for the destruction and disposal of lithium (Li) metal. Approximately 400 to 500 
pounds of metallic Li were destroj ed on the ground surface in this area and the residues, 
primarily nontoxic Li carbonate were buried (Illsey, 1978). Smaller unknown quantities of 
sodium (Na), calcium (Ca), magnesium (Mg), solvents and unknown liquids were also destroyed 
at this location. Nickel carbonyl and iron carbonyl are believed to have been disposed of in this 
area in 1969. Historical references do i iot  indicate the method by which constituents were 
destroyed at the site. 
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2.3 General Conditions 

The study area is located in the southeast portion of the Buffer Zone Operable Unit surrounding 
the WETS. Surfical geologic units within the study area include alluvial, hillslope, and anthro- 
pogenic deposits. The 903 Pad, Lip Area, and Reactive Metal Destruction Site, are located 
within the Rocky Flats Alluvium deposits. Man-made deposits are present at the 903 Pad and 
Lip Area. Areas referenced as 903 Source Area - Non IHSS are located within the Rocky Flats 
Alluvium and hillslope deposits. Geologic, hydrogeology and geochemisty of the study area 
may be found in numerous reports including; 

Final Phase 11 RFI/RI Report, 903 Pad, Mound, and East Trenches Area, Operable Unit No.2. 
(DOE, 1995). 
Geologic Characterization Report for the Rocky Flats Environmental Technology Site 
(EG&G, 1995) 
Groundwater Geochemistry Report of the Rocky Flats Environmental Technology Site 
(EG&G 1995) 
Hydrogeologic Characterization Report for the Rocky Flats Environmental Technology Site 
(EG&G, 1995) 

0 

3.0 DATA SUMMARY 

Numerous investigations into the extent of radiological contamination have been conducted at 
and surrounding the 903 Pad and 903 Lip Area. These investigations include the original 
groundwater monitoring wells installed in 1968, pre-surfaced 903 Drum Storage Area plutonium 
survey (Owens, 19631, post-surfaced 903 Pad gamma surveys (Rutherford, 198 l), soil sampling 
beneath the 903 Pad (Stevens et. al., 1982), aerial radiological surveys (EG&G, 1989), ground 
radiological surveys (EG&G, 1990 & 1994), surface soil sampling (DOE, 1995), and subsurface 
soil sampling (DOE, 1995). Discussions on investigations are provided below and are organized 
into media including surface soils, subsurface soils, and groundwater contamination. 

3.1 Surface Soils Investigations 

Numerous surface soils investigations have been conducted within the study area beginning 
shortly after the reinoval of drums at the 903 Drum Storage Area in 1969. The following 
sections provide a dcscription on surface soil investigations conducted in the area. 

3.1.1 Dow Chemical Compaiiv Correspondence 

Pre-903 Pad Plutouziiim Survey - Owen’s (1 968) correspondence from Health Physics, provided 
in Appendix A, includes information on early investigations into the plutonium contamination at 
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the 903 Pad. The correspondence describes the techniques used, conditions in the area during the 
survey, survey results, and Health Physics’ recommendation for corrective action, 

The correspondence states that prior to the placement of the asphalt at the 903 Pad, a radiological 
survey was conducted which included readings which were taken on a ’&foot grid. The survey 
was conducted on relatively dry soils which were generally unvegetated inside the fenced area of 
the 903 area. Vegetation outside the fenced area was described as heavy and may have impacted 
the survey by preventing direct placement of the instrumentation on the ground surface. The 
correspondence states that the contamination was carried into the soil by a liquid and that the soil 
conditions within the fenced area do not permit accurate penetration determination. However, “a 
spot survey in the southwest section indicated 60 micrograms (Pu) per square meter of pad area 
at a depth of 8 inches with no indication of having reached the limit of penetration”. 

Health Physics’ correspondence does not state the specific instrumentation used to perform the 
survey. It does state that information used to convert the survey results to micrograms per square 
meter was obtained from the Emergency Radiation Monitoring Team Training Manual. A map 
was sketched presenting the results of the survey in micrograms per square and is provided in 
Figure 3-1. 

3.1.2 Sampling Design for Use by the Soil Decontamination Proiect 

Pre-Surfaced 903 Drum Storage Area Plutonium Survey - Rutherford (1 98 1) states the Dow 
Chemical’s Health Physics’ survey conducted in 1968 provided readings measuring the 
plutonium activity in a 2-ft diameter circle (field of view). A map was drafted presenting the 
results of the survey, however, the 903 drum storage fence and buildings are not included and 
therefore no reference points are provided. The relative position of the survey and resulting 
isopleths cannot be determined from this map. The reader is required to review the map 
provided by Owens to interpret the data from the survey. 

Rutherford warns readers that the map should be used with caution since it was known that 
contamination was not confined to the surface but had reached various depths in some areas, and 
that other areas had been covered with noncontaniinated soil. A copy of the plutonium survey 
map is provided as Figure 3-2. * 

I \  
1% 

Gamma-Ray Survey oj Asphalt Pad - Iliis report also includes the results of a gamma survey 
conducted in 1971 on the surface of thc asphalt pad. The report states that four contamination 
spots were sampled for radiochemical analysis. The analytical results indicated that no vertical 
migration had taken place and that contamination was restricted to 0 - 20 cm depth interval or 
less below the’original ground surface. No analytical results were published in the report. The 
gamma survey results indicated that “except for several areas that were sufficiently high in 
radioactivity to distinguish from background, the survey in general could not distinguish between 
contamination under the pad and natural radioactivity in the asphalt”. A copy of the gamma 
survey map is provided as Figure 3-3. 
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3.1.3 High Purity Germanium (I-II’Ge) Surveys 

Numerous HPGe surveys have been conducted at the WETS to provide a baseline radionuclide 
activity in surface soils and to determine subsequent impacts on surface soils at the WETS. 
Summaries on three HPGe surveys are provided below. 

3.1.3.1 Aerial Radiological Survey of the US DOES Rocky Flats Plant - July 1989 

Allegations that a criticality accident had recently occurred at the site prompted an aerial 
radiological survey of the area in June of 1959 (EG&G, 1990). The aerial HPGe survey was 
performed in order to characterize the radiological profile of the site and surrounding area. A 
series of parallel lines were flown over 45 square miles of the study area. Specifically, the 
survey was oriented to cover the site and the natural drainage area leading away from the plant. 
The flights were conduced at an altitude of 150 ft over the flight lines spaced at 250 feet apart. 

The survey consisted of airborne measurements of both natural and man-made gamma radiation 
from the terrain surface in and around the plant. These measurements allowed an estimate of the 
distribution of isotope concentrations in the survey area. Results are reported as isoradiation 
contour maps of total terrestrial exposure rate, man-made count rate, americium-24 1 count rate, 
and Cesium-137 count rate isopleths superimposed on aerial photographs of the area. The 
isoconcentration contours presented on maps are grouped into ranges including; 0-50, 50- 120, 
120-240,240-600, 600-2400, 2400-9600, and 9600-3 8400 counts per minute (cpm). 

The Americium-24 1 isoradiation contour map (Figure 3-4) presents isoradiation contours of 50- 
120 counts per minute (cpm] on the 903 Pad. The isoradiation contours sharply increase moving 
off the 903 Pad to the Lip Area where they increase to a maximum range of 600 to 2400 cpni. 
These concentrations are limited to the Lip Area and decrease moving off the Lip area eastward 
to 240 -600 cpm in a small area adjacent to the 903 Lip Area perimeter road. Concentrations 
gradually decrease back to 50 cpm moving eastward with three isolated pockets of higher 
concentrations (50-120 cpm) are present 3.000 feet east of the 903 Pad. 

Ground measurements were obtained at the same time as the aerial survey to correlate the two 
measurements. Ground measurements \\;ere obtained by either a truck mounted or a tripod 
mounted germanium detector. In addition to ground measurements, soil samples were also 
collected and analyzed at each ground measurement location. The report states that an excellent 
comparison of the activity concentration existed for the three systems (soil samples, in situ 
HPGe, and aerial HPGe). 

An analysis of the study’s 42 ground I-II’Cie americium-241 results and soil americium-241 
results has been conducted. A regression analysis indicated that 91% of sample variation in 
HPGe survey results is explained by soil sample results (r = 0.91). The HPGe survey results 
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appear to underestimate the americium-24 1 activity in soils by 50% (slope = 0.50). The HPGe 
data assumes a relaxation depth of cc = 0.1 CITY’ and a soil sampling depth of 4 cm. 

3.1.3.2 In Situ Survey of the US DOE’S Rocky Flats Plant 

In 1990 a in situ radiological survey was performed over the WETS (EG&G, 1991). The area 
east of the 903 Lip Area was surveyed from November 8 through December 8, 1990. The survey 
was conducted utilizing a 20% N-type, HPGe gamma ray detector suspended 7.5 meters above 
ground surface. Measurements were obtained with a field of view with 150-foot centers. The 
results are based on a homogeneous, three-dimensional distribution of the species within the soil 
matrix and averaged over the top 3 cm (1.2 in.) of soil. No soil samples were collected in 
support of this field effort. 

The results, presented as isoconcentration contours, indicate americium-24 1 activities ranging 
from 1 pCi/g to 60 pCi/g adjacent to the road west of the 903 Lip Area. Figure 3-5 presents the 
map generated for the report. 

3.1.3.3 1994 In Situ HPGe Survev of the 903 Pad and 903 Lip Areas 

A truck-mounted HPGe survey was conducted in June 1994 (RMRS, 1996). The survey was 
conducted over part of the Americium Zone east of the 903 Pad and over the 903 Lip Area. The 
survey measured the average activity of actinides over a specific field-of-view (FOV) which for 
this survey was 150 ft in diameter. The survey identified 35 FOV locations, many which are 
contiguous where estimated amerinium-24 1 activities were above 10 pCi/g. Figure 3-6 provides 
the results of the survey. The HPGe survey of the area east of the 903 Lip Area correlates very 
well with the HPGe survey conducted in 1990 by EG&G. No soil samples were collected in 
support of this field effort. 

3.1.4 RFI/RI Surface Soil Investigations 

Two previous investigations, OU2 Phase I1 IIFURI and OU1 Phase I11 WI/RI, included the 
collection of surface soils with the study area. The OU2 Phase I1 RFI/RI included the collection 
of surface soils from 11 8 plots and 26 soil profile pits. Surface soil samples from plots were 
collected utilizing both the CHD and RFP methods. Soil profile pits were sampled using a 
trenching method. 

The CDH sampler collects a sample of the top 0.64 cm of the soil surface. The CDH method 
involves the coinpositing of 25 grab samples collected over the entire area of the plot The RFP 
sampling method collects a soil sample to 2 inches in depth. RFP sampling method involves the 
compositing 10 grab samples collected over a 3 square meter area.. The RFP method was 
conducted by collecting one composite sample at the center of each plot previously sampled 
using the CDH sampling method. 
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Americium-24 1 
Plutonium-239/240 
Uranium-23 4 
Uranium-235 
Uranium-23 8 

Figure 3-7 provides the typical RFP saiiipling scheme for OU2 plots sampled under this 
sampling program. 

215 
1429 
1738 
135 
5 86 

The OU1 Phase I11 RFI/RI collected surface soil samples from 34 plots. The samples were 
collected utilizing a modified RFP method. The modification included the compositing of RFP 
samples collected at five locations within each selected plot. 

Surface and subsurface soil radiological data was evaluated according to Procedure 2-G32-ER- 
ADM-08.02, Evaluation of ERM Data for Usability in Final Reports. The procedure is based on 
the relationship of data to the data quality objectives. This evaluation determines the adequacy 
of radiochemistry data for use in enviroiimental decision making. Numerous data were deleted 
from the data set based on this evaluation and therefore represents a data gap. Appendix B 
provides the draft report presenting the results of the usability evaluation (RMRS, 1997). 

Surface soil contamination levels were compared against RFCA Tier I soil action levels to 
establish an estimate on the areal extent of contaminated soils requiring remediation. This 
scenario assumes an annual radiation dose of 85 millirem (mrem). If a mixture of radionuclide 
contaminants a, b, c are present in the soil in the activities a,, a,,, and a, and if the applicable 
action level of radionuclide in soil, as stated in WCA, is A,, A,,, and A, respectively, then the 
activity in the soil shall be limited so that the following relationship exists: 

(eq. 2.1) 

If the sum of ratios, as calculated in the cquation 2.1, exceeds 1 an evaluation, remedial action, 
and/or management action is triggercd. 

Table 3-1 provides the Tier I action levels for specific radionuclides using the Buffer Zone 
hypothetical resident scenario. 

TABLE 3-1 

RFCA ALF TIER I SOIL ACTION LEVELS - RADIONUCLIDES 
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3.1.4.1 OU2 CDI-T Sampling Method - Spatial ExtenUFate and Transport Study 

The OU2 Phase 11 RFI/RI Surface Soil Sampling Program utilizing the CDH sampling method 
was conducted to determine the spatial extent of radiological contamination within OU1 and 
o u 2 .  

Four 2.5-acre plots (Plots 21, 22, 30, and 31) and seven 10-acre plots (Plots 0, 1, 3 ,4, 10, 11,and 
23) were sampled in support of the OU1 Phase I11 FWI/RI. The remaining 107 plots were 
sampled in support of the OU2 Phase I1 RFURI. Figure 3-8 provides the locations of the plots 
sampled in support of this program. 

_------ \ t i . ,  

Litaor, (1 995a) generated isopleths maps for plutoniuni-239/240 and americium-241from these 
data and recommended using these maps as the primary data for future risk assessment 
associated with public exposure to these radionuclides. Litaor (1 995b) also evaluated uranium 
isotopic data generated from this investigation and constructed isopleth maps presenting these 
data. He concluded that spatial correlation was not observed for U-234. Uranium-235 exhibited 

’ i  > a spotty and localized concentration pattern with no clear relationship between known burial and 
spill sites and the present distribution of 
U-235 in the soils. Most of the observed activities of U-234 and U-235 were well within the 
natural range of U isotopes in soils. Uranium-238 exhibited a pattern of localized spatial 
distribution, however, most of the observed activity was well within the natural range of U-238 
activity in soils. 

/ 

Table 3-2 provides analytical results for radionuclides and RFCA Tier I ratios and sum of ratios 
for the samples collected in support of CDH sampling program. The surface soil results indicate 
that the sum of ratios for radionuclides from two 2.5 acre areas, Plots 28 and 34, exceed FWCA 
Tier I action levels. Based on the nature of the sampling method, the analytical results represent 
the physical average of radionuclides in the respective plot. Figure 3-9 provides the locations of 
plots exceeding RFCA Tier I action levels for radionuclides. 

3.1.4.2 OU2 RFP Sampling Method - Spatial Extent/Fate and Transport Study 

Litaor (1 995a) states that the CDH method “exhibited a serious problem in locating the boundary 
between the soil surlace and a litter layer accumulated above.” Therefore, a comparative study 
was conducted to assess actinide activity using the CDH and RFP sampling methods. This 
included the sampling of 1 18 plots identified in the OU2 Phase I1 RFI/RI report using the RFP 
sampling method. However, only data from 107 plots were available from RFEDS. 

Plutonium-239/240 data from 103 plots and americium-24 1 data from 93 plots were determined 
to be useable base on an evaluation of radiological data (RMRS, 1997). The analysis of uranium 
isotopes was not proposed in the analytical program. It was determined that differences in 
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radionuclide results determined from the CDH sampling and RFP sampling methods were not 
statistically significant (Litaor, unpublished). 

Table 3-3 provides analytical results for radionuclides and RFCA Tier I ratios and sum of ratios 
for samples collected for the RFP sampling program. The surface soil results indicate that the 
sum of ratios for radionuclides froin three 2.5 acre areas, Plots 29,36, and 46, exceed RFCA Tier 
I action levels. Based on the nature of the sampling method, the analytical results represent the 
physical average of radionuclides over the area sampled or 3 square meters at the center of each 
plot. Figure 3-10 provides the sample locations using the RFP sampling method exceeding the 
RFCA Tier I surface soil action levels. 

3.1.4.3 OU2 Modified RFP Saini2liiiq Method - Human Health Risk Assessment Study 

An additional investigation was conducted to assess the potential human health risks associated 
with exposure to OU2 surface soils. ‘This investigation was designed to evaluate the nature and 
extent of non-radioactive contamination (SVOCs, metals, and pesticides/PCBs) as well as 
radioactive contamination, excluding americium-24 1, plutonium-239/240, and uranium-isotopes. 
Radionuclides analyzed for this investigation include cesium- 134, - 137, gross alpha, gross beta, 
radium-226, radium-228, and stront i urn-8 9, -90. 

The OU2 study area was divided into 9,!26 contiguous 50 feet by 100 feet plots. Forty plots 
were systematically selected for sampling. Six of the forty were biased plots selected for 
sampling because they were located within IHSSs potentially containing contaminated surface 
soils. The remaining 34 plots were evenly spaced throughout the OU2 area. One composite 
sample was collected from each of the piots using a modification of the RFP method. The 
locations of the soil samples collected in support of the human health risk assessment study are 
provided in Figure 3- 1 1. 

Non-radiological compounds in surface soils were found to be less than the Tier I action levels 
and therefore do not require any action under RFCA. 

3.1.4.4 OU2 Soil Profile Saini:,iiiiq Program 

Twenty-six soil profile pits were excavated and sampled in support of the investigations of 
actinide distribution, fate and transport in soil for the OU2 Phase I1 RFI/RI. Figure 3-12 provides 
the pit sample locations. Ten soil samples werc collected per pit according to the following depth 
intervals (in cm): 0-3, 3-6, 6-9, 9-1 2, 12- 18, 18-24, 24-36, 36-48,48-72 and 72-96. Per RFCA 
the top 6 inches (15.24 cm) is considered surface soil. Samples were analyzed for plutonium- 
239/240, americium-241 and uranium-233/234, -235, and -238. Litaor et. al. (1994) concluded 
that more than 90% of the plutonium-2~9/240 and americium-241 activities were confined to the 
upper 12 cm of the soil, regardless of the soil characteristics or distance and direction from the 
source (Litaor et. al., 1994). 
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Table 3-4 provides analytical results for soil profile radionuclides and RFCA Tier I ratios and 
sum of ratios for samples collected for this program. The soil sample results indicate that the 
sum of ratios for radionuclides from Pit TR 08 exceed RFCA Tier I action levels to a depth of 27 
cm (10.68 in.). Table 3-5 provides the sum of ratios for radionuclides for samples collected from 
Pit TR08. Pit TR08 is located in Plot 28 which is identified as exceeding Tier I soil action levels 
based on RFCA comparison of the CDH sampling program results. Samples collected from Pit 
TR06 (Figure 3-12) exceeded DOT shipping restrictions and were not analyzed. Pit TR06 is 
also located in Plot 28. It is suspected that radiological contaminants exceed Tier I action levels 
below the surface soil level of 15 cm at this location due to its close proximity to Pit TR08. Yo 

$&skdid 
dl4 pn;yijir Jd 

TABLE3-5 yka+P- 
OPERABLE UNIT NO. 2 PHASE I1 RFI/RI 

TRENCH SAMPLING METHOD - SOIL PROFILE PIT TR08 
RF’CA TIER I SUM OF RATIOS COMPARISON - RADIONUCLIDES 

TR00332WCU2 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 

3-6 
6-9 
9-1 2 
15-21 
21-27 
33-39 
45-51 
69-75 

TR00331 WCU2 
TR00330WCU2 
TR00329WCU2 
TR00328WCU2 
TR00327WCU2 
TR00326WCU2 
TR00325WCU2 
TR00324WCU2 

3.2948 
3.2540 
7.671 9 
2.0584 
2.2325 
0.41 19 
0.0165 
0.0013 

I 93-99 1 TR00323WCU2 I 0.0099 TR08 

3.1.4.5 OUl Surface Soil Sampliiig Program 

In addition to the 11 plot samples collected during the OU2 Phase I1 RFI/RI field effort in 
support of OUl,  surfice soil samples were collected for the OU 1 WIN. The OU1 Phase I11 
Surface Soil Sampling Program was designed to determine the nature and extent of 
contamination and assess potential human health risks from exposure to the soils. The program 
included collecting samples over a grid covering approximately 52 acres. The OU1 area was 
divided into four-hundrccl-fifty 50- by 1 OO-foot contiguous rectangle plots, which were 
sequentially numbcrcd. Twenty-four of the plots were selected for sampling by matching the 
plots with numbers generated from a raiidom number generating process. Four biased sampling 
locations were selected l o r  sampling in  II-ISSs 106, 130, 119.1 and 119.2. 

The samples were collected utilizing the RFP sampling method. This method includes the 
collection and mixing of 10 grab saiiiples from which one composite sample is generated for 
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analysis. Random subsamples froin the composite were withdrawn and measured for numerous 
analytical measurements. If the mixing is through, a physical averaging process takes place, so 
the subsamples represent tlie average concentration of the original grab samples. Table 3-6 
provides analytical results for radionuclides and RFCA Tier I Ratios and Sums of Ratios for 
samples collected for this program. Figure 3-13 provides the locations of the soil sampling plots. 

3.1.5 Recent Surface Soil Investigations 

RFCA sets forth action levels and standards which incorporate land- and water-use controls in 
RFETS cleanup decisions. The soil action levels are calculated upon a radiation dose limits 
based upon certain land use restrictions. The soil action levels were not intended to consider the 
transport of soil coiitaining actinides to surface water. RFCA states that the protection of surface 
waters usage with respect io long-term Site condition will be the basis for making soil and 
groundwater remediatioil and management decisions. Therefore, it is necessary to develop a 
conceptual model to better understand the relationship of the actinide levels in soils and the 
effect of remedial activities on tlie long-term protectiveness of surface water quality. 

In 1996, a panel of actinide experts. the Actinide Migration Expert Panel, was formed to review 
existing data on actinide migration at RFETS and make recommendations for future work. Their 
recommendations incliided activities to: 

1) Develop a conceptual model for actinide transport, based on a thorough understanding of 
chemical and physic.al processes; 

2) Investigate the long-term impacts of actinide geochemistry mobility on remedial 
requirements; tind 

3) Evaluate the protec!iveness of the RFCA soil action levels to surface water quality. 

In June 1997 the Actinide Migration Expert Panel implemented a work plan for the collection of 
6 surface and subsurfacc soil samples located in Plot 34 (Figure 3-8). The purpose of the 
investigation was to provide preliminary plutoniuin phase speciation and soil distribution 
coefficients (Kd) value? for 903 Pad area soils. A final report is to be delivered to Kaiser-Hill by 
September 30, 1997. 

3.2 S ubsii rhce Soils I livest i cation 

Subsurface soils are dciined in RFCA as soils deeper than six inches below the ground surface. 
Subsurface soils were investigated through soil gas surveys, borehole sampling programs, and 
soil pit investigations. 

3.2.1 Reports ;I nd Cor res ~ o i i  de lice 

Initial Testing of Pilot Scale Equipiizeizt j i v  Soil Decontamination Project (Rockwell, 1980) - 
This report provided data identifying radioactive contamination, specifically plutonium-239 and 
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americium-24 1, beneath the 903 Pad which was used to identify exceedence of Tier I action 
levels. Six samples were collected under the 903 Pad, identified as P-1 through P-6. The 
locations of these samples, provided by Rocltwell(1977), are presented in Figure 3-14. The 
samples were collected to a depth required to reach a soil activity 5250 d p d g  as detected by 
field instrumentation and may represent the vertical extent of radioactive contamination beneath 
the 903 Pad. Results of the sample analyses and Tier I sum of ratios are provided in Table 3-7. 

Laboratory testing including bench scale equipment tests were conducted using radiological 
contaminated soils obtained from these samples. These data provide useful information based on 
the fact that no other subsurface samples have provided data exceeding Tier I action levels. 
Two additional samples. Samples A and B, were taken adjacent to the southeast corner of the pad 
in the windblown soil material prior to the placement of the asphalt cap. The exact locations of 
these samples has not been determined. 

TABLE3-7 

SOIL DECONTAMINATION SAMPLING PROGRAM 
RF’CA TIER I SUM OF RATIOS COMPARISION - RADIONUCLIDES 

A Surface 
B Surface 

P- 1 0.46 
P-2 0.61 
P-3 0.56 
P-4 0.66 
P-5 0.61 
P-6 0.61 

Below top of asphalt. 

1,200 
1 1,900 

940 
1,400 
8,000 
4,500 

14,000 
17,000 

5,3 60 

3,604 
2,045 
6,306 i 7,658 

1,400 

1,100 
1,000 
4,200 
4,100 

90 0.80 
636 6.71 
279 1.59 
495 2.74 
450 4.62 

1,892 10.23 
1,846 13.00 
2,252 15.83 

3.2.2 RFI/III Subsurface Soil Investigations 

The OU2 Phase I & 11 RFUIIIs included the completion of a number of boreholes and soil profile 
pits which provide subsurface soil data. The following sections provide the results of these 
subsurface investigations. 

The Phase I RFI/RI field program was completed at OU2 in 1987 and a Draft Remedial 
Investigation Report for 903 Pad, Mound, and East Trenches Area (Rockwell International, 
1987) was submitted to the EPA and CDI I in  December of 1987. The objective of the Phase I 
RFI/RI was to verifj the existence and locatio11 of the waste disposal sites, characterize the sites, 
evaluate the nature and extent of contamination, and develop data needed for feasibility studies 
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of remedial alternatives, as appropriate. Soil samples were collected over two-foot intervals fiom 
a total of 33 boreholes completed to evaluate the nature and extent of soil contamination. No 
surficial(0-6 in.) soil samples were collected in support of this investigation. The Phase I 
W I R I  field investigation lead to the general onclusions that VOC and radionuclide 
contamination exists in soil, surface wat 
but the distribution and magnitude of the contamination needed to be better delineated. The 
discussion on these boreholes has been combined with the OU2 Phase I1 RFIM discussion 
below. 

groundwater and sediments around several IHSSs, d 
The objectives of thc OU2 Phase I1 IWURI Program (DOE, 1995) were to characterize the nature 
and extent of soil and groundwater contamination within the upper hydrostatigraphic unit 
(UHSU) and verify that contamination within the lower hydrostatigraphic unit (LHSU) is limited 
and the LHSU is an incomplete pathway to human receptors. 

The OU 2 Phase I1 RFI/RI investigation involved collecting borehole samples, surface soil 
samples and installing groundwater monitoring wells. The following discusses the results of the 
Phase 11 RFI/RI. 

3.2.2.1 B ore ho I e Pro grains 

903 Pad - Seven so~irce boreholes (Figure 3-15) 06691,08691,08791,08891,08991,09091, 
and 09191 were installed at the 903 Pact in support of the OU2 Phase I1 RFI/RI. Analytical data 
from samples collected froim these horiiigs was compared to RFCA ALF action levels. The sum 
of ratios for radionuclide results indicate that all sample results were below the RFCA Tier I 
action levels. Table 3-5 provides the suiii of ratio values for borehole samples collected in 
support of the OU2 Phase I1 RFI/RI. No VOC concentrations above the RF’CA Tier I action 
levels were detected. 

903 Lip Area - Fifteen source boreholes and three additional boreholes for installation on 
groundwater plume characterization weiis (00191, 06591, 06791, 06891,06991,07091,07191, 
07291,07391,09391,09591, 13091,34591,34791, BH2287, BH2387, BH2487, BH3087) were 
installed in the 903 Lip Area (DOE, 1995). Data was available from RFEDS on all these 
boreholes with the exception of boreholes 00 19 1, 3459 I ,  and 34791. Radiological results from 
boreholes 09391 aiid 09591 were validated as &&&and therefore eliminated from the 
database. The sample results were compared to RFCA ALF Tier I action level and the sum of 
ratios for radionuclides were calculated. No sample sum of ratios for radionuclides exceed the 
Tier I action levels 

Reactive Metal Destruction ( lHS 140) - Nine source boreholes (0749 1, 07591, 0769 1, 099 1, 
09791, 12791, BH2687, BH27S7, I3Ft2SS7) were completed. Data from these boreholes were 
downloaded from RFEDS to com~?are to the RFCA Tier I action levels for radionuclides. The 
comparison results indicated that no samples exceed the action levels for radionuclides. 
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903 Pad Source Area (Western Portioiz) (Non-IHSS Locations) - Seventeen boreholes (00291 , 
00391,00491,00591,00691,00791,00991,01091,01191,01291,05991,11791,12991,13591, 
20791, B3 15289, BH2987) were completed in the non-IHSS area east of the 903 Pad. These 
borehole locations are primarily east and south of the 903 Pad on the south-facing slope of the 
Woman Creek drainage. However, radiological soil sample results fi-om only three locations 
00291, BH2987, and B3 15289 were available. Data from the remaining locations 
available in WETS. RFCA Tier I coni 11s indicate that no subsurface soil samples from 
these boreholes exceed the action levels. 

a not c 
%Kuhwy & (W(\&b m? 

3.2.2.2 Soil Profile Sampling Pits 

Soil Profile (Pits 1-26) Sampling I-’rogi*anz - Pit 1-26 soil sampling program was conducted in 
support of the investigations of actinide distribution, fate and transport in soil for the OU2 Phase 
I1 RFI/RI. Ten soil samples were collected at predetermined intervals to a depth of 1 meter at all w8- s. Soil profile sampling has been previously discussed in the surface soil section above. 
In genera samples from only one location, Pit TR08, exceed RFCA Tier I action levels to a 
depth of 27 cm (10.68 in.). This pit is located in Plot 28, also identified as exceeding Tier I soil 
action levels based on the CDH sampling prograin. In addition, samples collected from Pit TR06 
exceed DOT shipping restrictions and were not analyzed. Pit TR06 is also located along the 
western edge Plot 28. 
Figure 3-12 provides the pit sample locations exceeding the RFCA Tier I surface soil action 
levels. 

3.2.3 OU 2 Subsurface Intecim Measureshterim Remedial Action Plan/Environmental 
Assessment, Soil Vapor Survey 

A soil gas study (DOE, 1994) was conducted in May/June 1993 to locate high VOC 
concentrations in the subsurface soil lor the OU 2 soil vapor extraction project. The soil gas 
survey sampled areas where aerial photos taken prior to capping of the 903 Pad showed stained 
soils. 

The soil gas survey consisted of 7 1 samples collected at a depth of 5 feet below ground surface 
primarily during the summer of 1993 and one location sampled at a depth of 10 feet below 
ground in January 1994. The samples were collected and analyzed using gas chromatography. 
The survey observed the highest concentrations immediately south of the southeast corner of the 
Pad, at 27,000 ug/l tetracliloroethenc at a dcpth of five feet. However, at the adjacent soil gas 
locations and subsequently conipletcd borcholes, tetrachloroethene is either not detected or 
detected at very low concentrations. Soil gas concentrations for the rest of the 903 Pad ranged 
from 0 to 500 ug/l with the nest highest concentrations around boreholes 08891 and 08691 (see 
Figure 3-16). 

// 
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3.3 Groundwater 

Groundwater samples results are available from the original groundwater monitoring wells 
beginning in 1975. The Site groundwater monitoring program also monitored numerous wells 
within the study area. Results from grouiidwater monitoring programs is provided below. 

3.3.1 Original Groundwater Monitoring Wells 

Four groundwater monitoring wells werc installed at each comer of the 903 Pad in 1968. The 
wells were installed above the water tabie at the site and reportedly seldom encountered 
groundwater. Yoder (1 98 1) provides radioactivity data on these wells semi-annually from May 
1975 to March 198 1. These data indicate all wells were dry during this time period with the 
exception of wells 0 168 and 0268 which provided analytical data for the April 1980 sampling 
event. These data indicate that ground\\ ater samples from both wells provided results below the 
detection limits for plutionium-239/240 (0.04 pCi/L), americium-241 (0.9 pCi/L) and total 
uranium (0.07 pCi/L). Tritium was detected at 1,400 pCi/l in well 1-68 and at 80 pCi/L in well 
2-68. 

One set of soil sample results for plutonium-239, americium-241, uranium-233/234, uranium- 
235 and uranium-238 was available. Tlicse results represent a composite sample of the alluvial 
material which was generated during the abandonment of these wells for the well abandonment 
and replacement prograin (WARP) in 1992. The sum of ratios for the radiological results were 
below Tier I1 action levels. P& w * l & b k  fi +L ? 

3.3.2 Gro uiidwater Contaminat i o 11 

High concentrations of VOC contamiiia tion are present in groundwater samples collected from 
wells at the 903 Pad. Concentrations up to 10 times the pure phase solubility of these 
compounds and substantially above RFCA Tier I action levels for groundwater were detected. 
The EPA (1 992) provides guidance in Estimating Potential for Occurrence of DNAPL at 
Superfund sites for determining the likelihood of DNAPL at a site. Based on the conditions of 
historical site use and characterization data, there is a high potential of DNAPL at the 903 Pad 
site. 

A VOC-containinatcd grouiidwatcr p~iii:~c extends from the 903 Pad area to the east. The highest 
concentrations are found in grounclwari.1 samples collected from wells 0669 1 and 08891 located 
on the asphalt portion of the 903 Pad (I- igure 3-1 5). Table 3-9 provides analytical results of 
groundwater samples collected from \\ ei Is in the 903 Pad area. Concentrations of contaminants 
in groundwater drop rapidly moving ea5tward from the 903 Pad area. The primary groundwater 
contaminant in well 06691 is carbon teti achloride and has ranged from 5 1 to 100,000 ppb. Also 
present are methylene chloride (150 to 75.000 ppb) and chloroform (92 to 49,000 ppb). 
Groundwater sample results for well 0889 1 indicate the primary contaminant as tetrachloroethene 
at concentrations ranging from 470 to 20.000 ppb, along with carbon tetrachloride (290 to 17,000 
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ppb), cis-1,2,dichloroethene (94 to 2,900 ppb) and trichloroethene (210 to 4,600 ppb). The next 
highest concentration of carbon tetrach loi-ide in groundwater is found in samples collected from 
well 13 191, which is located west of thc \vel1 06691 and off the western edge of the 903 Pad. At 
this location, observed carbon tetrachloride levels ranged from 122 to 4,800 ppb. 

Radionuclide contamination in ground\vater was investigated from 199 1 to 1995 in groundwater 
monitoring wells identified as containing VOC contamination discussed above. Groundwater 
analytical data indicates that one well, 09091 located on the 903 Pad, contains americium and 
plutonium activity in excess of Tier I action level for groundwater. This well has produce 
groundwater samples with maxiinurn activities of 46.54 pCi/L of plutonium-239/240 and 354.6 
pCi/L of americiuin-24 1. No groundwater samples collected over this period detected any 
uranium-isotope in excess of its respecti e background activity. Table 3-10 provides analytical 
data for radionuclidcs in groundwater sciiiiples with detections above Tier I1 action levels. 

3.4 Previous Remedial Actions 

3.4.1 Surface Soils 

Surface soil remedial actions have taken place at the site beginning in 1968 with the regrading 
(removal) of contaiiiinated soils from outside the 903 Drum Storage Area. Surface soil removal 
actions have also talien place in 1976, 1978, 1984, and 1995. The following sections provide 
summaries on previous removal action< \\ i thin the study area. 

3.4.1.1 Dow Cliemical Co muai; v I ntemat Correspondence 

Frieberg (1 970) provides a chronology of the initial remedial actions taken at the 903 D m  
Storage Area. The correspondence, provided in Appendix C, states the following information: 

July 1968 

October I968 

November I968 
f 3- 

January 1969 
February 1969 
April 1969 

May 1969 

if Aiiiwy was c~ndi ic ted of the plutonium contamination on the surface of 
the soil in the 903 Area. The results of the survey and the Health Physics’ 
i.ccoiniizen~lciiion 5 /or the containment of the contamination were sent to 
Division Servicc 5, \/iiiizzifacturing and Facilities. 
[Weeds and vegelulioi? were burned offthe 903 drum storage area in 
nizpnration o j  clppIj,ing an asphalt cap. 

.itcling of J liglit/y contaminated soils outside the hot fence was conducted 
This work LYIMS isicd of moving the slightly contaminated soils outside 
fince inlo the jeiiccd urea in preparation of the cap. 

Tlzc hot fence w(;1s pickaged and shipped as waste, 
Three more wasle ciwtes were packaged and shippedfiom the 903 Area. 
Two highly con/ciimiated fork lfts were placed into wooden crates and 
.\hipped as hot \ I  cistc 
33 drums of coninniriia/ed rocks were removedj-om the 903Area and 
discarded as hol iwlrle Building 904 was decontaminated and removed to 
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a location east qf’the Fire Barn. The road grader used to move 
contaminated soils was decontaminated and released to surplus. 
Building 903 was moved to a location immediately east of Building 666. 
The base course material overlay, the soil sterilant, and the asphalt primer 
cat were completed for  the 903 containment barrier (cap). 
The asphalt cap was upplied. 
The four groundwaler monitoring wells were installed. 
Operations were initialed to apply additional Jill over the surrounding area 
directly east of the 903 Pad due to soil contamination. 
Additional Jill operations were completed. 
As ofApril 3, no wnler  vas detected in any of the wells installed. 

July 1969 
September 1969 

October 1969 
November 1969 
February 19 70 

March 1970 
April I9 70 

This correspondence confirms that contaminated soils outside the 903 Drum Storage Area fence 
were graded into the fenced area prior to tlie application of the asphalt of the 903 Pad. In 
addition, the correspondence states that the contaminated area east of the 903 Pad, was covered 
with a base coarse material. 

3.4.1.2 1975 Remediation Effort at tlie 903 Lip Area 

Contaminated soil, identified in the past through radiological monitoring, has been excavated 
from the 903 Lip Area. In 1973, an aerial radiological survey detected radiological 
concentrations in the 903 Lip Area that were greater than 2,000 counts per minute (cpm). On 
May 13 and 14, 1975 personnel excavated two trenches in the 903 Lip Area as a pilot scale test 
for soil removal techniques. The locations of these trenches and depths of the excavations was 
not described by Barker (1982). Eight 55-gallon drums of soil were removed from the 903 Lip 
Area. Ambient air monitoring during excavation did not detect plutonium in concentrations that 
would endanger onsite workers, the public, or the environment. Based on the results of this 
removal effort, a plan for removing the plutonium contamination from the 903 Lip Area was 
developed and work commenced the suiiiiiic‘r of 1976. 

3.4.1.3 Removal of Plutonium-Contaminated Soil from the 903 Lip Area During 1976 
and 1978 (Barker, 1982) 

In 1976, approximately 113.3 cubic meters (4,000 cubic feet) of soil were removed from within 
the 903 Lip Area. The removal operation was conducted within a 8 foot by 16 foot floorless 
metal building equipped with a high efficicncy particulate air (HEPA) filter. Contaminated soil 
was hand excavated from one small area at a time and placed in plastic bags. The bags were 
placed in full crates for off site shipment and disposal. The excavated area was surveyed with a 
Field Instrument for the Detection of Low Energy Radiation (FIDLER). The process was 
repeated until contamination levels were below the “detection limit” of the FIDLER (-250 cpm 
in the Lip Area). The excavated area was covered with clean topsoil and re-seeded with native 
grasses. 
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Soil removal activities were conducted again in 1978 when an estimated 4,000 square meters 
(43,000 square feet) of soil that exceeded 2,000 cpm were removed to a depth of approximately 
3.5 cm (1.4 in.). This effort utilized heavy equipment including a front end loader, grader and 
bulldozer. Hand digging was only conducted in areas that were inaccessible to heavy equipment. 
Prior to excavating soils the area was premoistened by a sprinkler system for three days. A 
moisture content of 15% was required prior to excavation activities to prevent dust generation. 
The report states that all soils in excess of 2,000 cpm, as determined by the FIDLER, were 
removed. Excavated areas were resurveyed and soil was removed until background (-250 cpm 
as determined by the FIDLER) was reached. All waste was packaged and shipped to the Nevada 
Test Site. The excavated area was bacltfilled and revegetated. Figure 3-17 provides the locations 
of areas where soil removal activities have completed under these remedial efforts. 

3.4.1.4 1984 East Gate Soil Removal Proiect 

Anomalous results were being recorded in air monitors, S7, S8, and S9, positioned along the 
fence. A dust suppressant was placed on the ground to determine if the anomalies were a result 
of the resuspension of soil. The air nionitor results dropped after the placement of the 
suppressant, and a removal action was implemented. In 1984, soil cleanup was performed along 
the eastern edge of the 903 Lip Area parallel to the fence (Setlock, 1984). Soils were removed 8 
to 10 feet on either side of the fence line from the previous inner east gate to 30 or 40 feet south 
of air sampler S-9, the southernmost air sampler. Soil was removed to a depth of one to two feet 
and the excavation was backfilled with clean topsoil. A total of 214 tri-wall pallets of 
contaminated soil was removed from the area. 

3.4.1.5 Accelerated Response Action Completion Report, Hot Spot Removal. OU1 

While not directly related to the 903 Pad contamination source, an accelerated action for the 
removal of radionuclide-contaminated soils (hot spots) was conducted at six specific locations 
within OU1 (DOE. 1995). The hot spots were localized shallow contaminated soils that 
contained substantial activities of either plutoniulll/americium~~~~a~erici~ or uranium, as well as traces of 
organic compounds related to drum storage in  IHSS 1 19.1. The Accelerated Response Action 
included excavating, containerizing, storing and disposing of the contaminated soils from the hot 

removed under this 
3-18 provides the 

spots. Twenty-one 55-gallon drums of 
action. The soils were transported and 
locations of soil saiiiples which 
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3.4.1.6 Sub surface So i 1 s 

Ryan’s Pit (IHSS 109) - Ryan’s Pit was used fi-om approximately 1966 to 1970 for the disposal 
of VOCs and small quantities of debris (e.g. drum carcasses). The contamination is not 
associated with the contamination source at the 903 Pad. The pit measures approximately 32 feet 
long and 18 feet wide. Results of previous environmental investigations have identified the pit . 

as a significant contributor to the degradation of groundwater in the area. 

In July of 1995 a source removal action was initiated at Ryan’s Pit which included the excavation 
and treatment of VOC contaminated utilizing a low temperature thermal desorption process. 
Figure 3-19 provides the location of Ryan’s Pit in relation to the 903 Pad. Approximately 180 
cubic yards of contaminated soils and debris were excavated and placed in nine roll-off 
containers (RMRS, 1996). An additional roll-off container was filled with topsoil scraped off the 
surface prior to the start of excavation activities. These soils were treated using a low 
temperature thermal desorption unit. The removal action was conducted prior the 
implementation of RFCA, however, the treated soils were below RFCA Tier I1 action levels for 
radionuclides and below programmatic risk-based preliminary remediation goals (PPRGs) which 
were based on the construction worker, subsurface soil scenario. 

4.0 SOIL REMEDIATION VOLUME ESTIMATE 

Surface soil contamination levels, based on historical data, were compared against RFCA Tier I 
soil action levels for the Buffer Zone (hypothetical resident) to establish an estimate on the areal 
extent of contaminated soils requiring remediation. This scenario assumes an annual radiation 
dose of 85 millirem (mrem). Table 3-1 provides the Tier I action levels far the Buffer Zone 
hypothetical resident scenario. Figure 3-9 and 3-10 identify those areas that exceed the Tier I 
action levels. 

4.1 903 Pad Drum Storage Site 

The 903 Pad Drum Storage Site will be remediated to prevent potential future surface erosion 
and transport of contaminated soils from beneath the pad. The volume of contaminated soil 
beneath the 903 Pad, as well as the volunie of the asphalt pad itself, were examined. During 
initial remedial actions at the 903 Pad D r ~ i i  Storage Site, approximately 20 cm of clean fill and 
a layer of asphalt were placed over contaminated soils. Although the 20 cm of fill may not be 
entirely contaminated, the entire volume is suspect and will require screening if excavated. In 
addition, data collected beneath the 903 Pad indicate radionuclide contamination above 250 dpm 
to 66 cm. Assuming an excavation depth of 66 cm (26 in), the volume of radionuclide 
contaminated soil material to be remediated from beneath the 903 Pad (asphalt) is estimated at 
11,880 cubic yards. This estimate is base on excavating soil materials beneath the cap (3.4 acres) 
to a depth of 66 cm (26 in). 
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The volume of VOC contaminated soil beneath the 903 Pad is estimated at 13,300 cubic yards. 
This volume is based on data collected from groundwater monitoring wells which estimated an 
area of 235 feet long, 85 feet wide, and 20 feet deep requiring treatment. The volume calculation 
excludes the top 2 feet of material included as radionuclide-contaminated waste. 

Assuming a total asphalt thickness of 3 inches and a surface area of 3.4 acres, 1,370 cubic yards 
of asphalt pad will require disposal. The total estimated volume of soil and asphalt material 
requiring remediation within the 903 Pad area is 26,550 yd3. 

4.2 903 Lip Area 

Within IHSS 155, approximately 4.4 acres require remediation to achieve the action levels based 
upon the Tier I action levels for the Buffer Zone (hypothetical resident). CDH sampling results 
for Plot 28 (2.5 acres) exceeded Tier I action levels. Seventy-five percent (1.9 acres) of Plot 29 
lies within the 903 Lip Area. Plot 29 was identified as exceeding Tier 1 action levels for 
radionuclides from RFP sampling method results. Further field screening would be required to 
further refine the volume of soils requiring remediation. For the purposes of this summary it was 
assumed that the entire plot exceeded the Tier I action level and requires remedial action. 

During initial remedial actions at the 903 Lip Area, an undetermined amount of imported base 
coarse material was placed over contaminated surface soils. In an effort to determine the depth 
of the fill material, soil profile description f o r m  from soil profile pits TR06, TR07, and TR08 
were examined. These pits were excavated in the 903 Lip Area. The log of TR06 indicated that 
the A soil horizon, 0-2 cm (0.8 in) was deposited as part of the remedial activities in 1969. The 
C horizon is described as a loose sandy loam and is interpreted to be natural soils. The log 
describing TR07 soils states that the topsoii was removed and backfilled with a sandy material. 
The log describes the A soil horizon, 0-2 cm (0-0.8 in), and C soil horizon, 2-13 cm (0.8-5.1 in.) 
as loose sand. This sand is interpreted to represent fill which is present to a depth of 5 inches at 
this location. Logs from TR08 describe the first 16 cm (6.3 in) as a loose sand, typical of the fill 
material. Soil profile sampling locations arc provided on Figure 3-12. 

The CDH and RFP soil sampling methods collect samples 0.64 inches and 2 inches in depth, 
respectively. Surficial soil samples previously collected within the 903 Lip Area were composed 
of the import matcrial used to cover the contaminated soil surface, leaving the contaminated 
surface uncharacterized. Imported fill materials at TR08 have been contaminated by 
radionuclides based on the fact the top 27 ciii (1 1 in) of soil, which includes the fill material, 
exceed Tier I action levels at this location. The import material may have been contaminated by 
winds blowing contaminated soils back toward the pad from adjacent Plot 34. Plot 34 was 
identified as excecciing Tier I action lei els based on the OU2 CDH sampling program. 

The results of the soil investigations indicate that outside the 903 Pad Drum Storage Site, over 90 
percent of the plutonium-239/240 and aiiiericiuiii-241 contamination is confined to the upper 15 
cm (6 in) of soils. Soil sample results at soil profile pit TR08, located in the 903 Lip Area, 
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903 Pad (Soils) 
903 Lip Area 
Non-IHSS Locations 

indicate the depth of contamination above Tier I action levels from the ground surface to 27 cm 
(1 1 in). Numerous large cobbles and small boulders are present in the Rocky Flats Alluvium and 
excavation of surface soils is expected to be difficult. Therefore, a 12 in (1 ft) excavation depth 
was assumed as the extent to which soils will be remediated. Using this excavation depth, an 
estimated total volume of 7,100 cubic yards of contaminated surface soils would require 
remediation for the 4.4 acres exceeding the action level. 

4.3 Noli-IHSS Locations 

3.4 13,300 1 1,880 25,180 
4.4 0 7,100 7, ZOO 
8.1 0 13,068 13,068 

A total of 8.1 acres have been preliminarily identified outside the 903 Pad and 903 Lip Area 
requiring remediation. CDH sampling results for Plot 34 exceed Tier I action levels. RFP 
sampling method results identified Plots 46 and 36 as exceeding Tier I action levels. Twenty- 
five percent (0.63 acres) of Plot 29 lies within the 903 Pad Source Area-Non IHSS Location. As 
discussed above, the fact that the Rocky Flats sampling methodology only addressed a 3 square 
meter plot within the 2.5-acre plots. Therefore, further field screening would be required to refine 
the volume of soil requiring remediation. For the purposes of this document it was assumed that 
the entire plot exceeded the Tier I action level and requires remedial action. Assuming a 12 in 
depth for the excavation a total of 13,068 cubic yards of material will be excavated from the area. 

The total estimated volume of contaminated surface soil requiring remediation is 46,718 cubic 
yards. This volume estimate was rounded up to 47,000 cubic yards for use in the evaluation of 
remediation process options and alternatives. Table 4- 1 presents the location and volumes of 
soils requiring remediation. 

TABLE 4-1 

VOLUME OF IN SITU SOIL/ASPHALT 

EXCEEDING RFCA TIER 1 ACTION LEVELS 

I GrandTotal I 15.9 I 13,300 I 33,418 I 46,718 1 
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FIGURE 3 - 3  Gamma-Ray Survey of Asphalt Surface o f  903 Area Pad. The numbers 
represent only the relative gamma-ray readings a t  the pad surface. 
integer increment on the figure represents a change in counting rate of 
1 t o  2 percent. 

Each 

7 



FIGURE 3-4 AMERICIUM-241 PHOTOPEAK COUNT RATE ISOPLETH MAP 

19 



a 

/."- j +-=- e 
A' 





2.5 ACRE OR 10-ACRE SAMPLING PLOT 

0 

0 

0 

U 

0 

0 0 U 

a U 0 

t 
W 
L 

0 
(D 
(D 

b 
0 
r) 
r) 

m x  

i, 
\*ppRox 
33’ OR 66 

330 or 660 FEET c 

NOT TO SCALE 

US. DEPARTMENT OF ENERGY 
Rocky Flats Environmental Technology Slte 

Golden, Colorado 
. - -  

Figure 3-7 

903 Drum Storage Site Data Summary 
OU2 Phase I1 RFIlRI Data 

Typical CDH and FWP Sampling Schemes 



9 

x 



,. 7 t 

N 

0" 
a 0  

$rn 

9 8  
21 
L O  





I 
, 















J 

B' \\ 

,, 



. .. ... .. 1’ ... ~__  
// 

FIELD ” 

y/-;R”S 
0 

/ 

,&? 
, ’1 ’, .’ 
! 

, 
OPERATIONS 
YARD 

i 

Figure 3-19 

903 Drum Storage Site Data Summary 
Ryan’s Pit Site Map 



RMRS 903 Pad, Lip Area, and 
Surrounding Area Data Summary 

TABLES 

(Tables 2.1, 2.2, 2.3, 2.5,2.7, 2.8, and 3.1) 



TABLE 3-2 
SURFACE SOILS OU2 PHASE I1 RFI/RI 

CDH SAMPLING METHOD 
RFCA TIER I SUM OF RATIO COMPARISON- RADIONUCLIDES 

PTOO 1 
PT002 
PT003 
PT004 
PT005 
Pi006 
PT007 
PT008 
PT009 
PTOI 0 
PTOI 1 
PT012 
PTOl3 
PTO 14 
PTOl5 
PTO 1 6 
PTO 1 7 
P i 0 1  8 
PT019 
PT020 
PT02 1 
PT022 
PT023 
PT024 
PT025 
PT026 
PT027 
PT028 
PT029 
PT030 
PT03 1 
PT032 
PT033 
PT034 
PT035 
PT036 
PT037 
PT038 
PT039 
PT040 
PT04 1 

0.0692 

0.2298 
0.1217 
0.0710 
0.1840 

NS 

NS 
NS 
NS 
0.61 83 
0.0643 
0.0870 
0.1 100 

2.2550 
6.0650 

NS 

NS 
NS 
12.5100 
35.3280 
19.3220 
1.8550 
0.2567 
0.1220 
0.2710 
1.3550 
9.3690 

270.4000 
89.5100 
27.6600 
3.4140 
5.5560 

15.8200 
164.1 000 
66.3000 
14.7360 
3.8560 
0.6400 
0.2830 
0.1 500 

0.4682 

1.3100 
0.7238 
0.2900 
0.9090 

NS 

NS 
N S  
NS 

3.8830 
0.4517 
0.3970 
0.1870 

NS 
11.6400 
46.7170 

NS 
81.6500 

11 8.8550 
64.9660 
15.1600 
1.7180 
1.2370 
1.2590 
5.7320 

52.3900 
1453.0000 
507.6000 
167.1000 
23.3900 
22.9710 

138.8330 
961.6000 
296.6000 
95.8330 
27.2680 
3.7880 
1.3910 
0.7910 

NS 6 

0.14301 0.74801 

1.3700 

1.3380 
1.1380 
1.2000 
1.0500 

NS 

NS 
NS 
NS 
1.0980 
0.8288 
1.1000 
0.81 00 

1.4140 
2.0900 

NS 

NS 
NS 
1.2230 
2.9900 
1.7100 
1.4750 
1.0140 
1.3000 
1.3000 
1.2600 
2.0600 
2.4660 
1.3380 
1.1270 
1.1030 
2.1700 
1.8000 
0.9941 
1.4420 
2.2600 
1.6400 
1.2000 
1.3000 
1.3000 
1.4000 

0.0663 

0.0640 
0.0263 
0.0750 
0.0500 

NS 

NS 
NS 
NS 

0.0322 
0.0356 
0.0920 
0.0200 

0.0520 
0.0900 

NS 

NS 
N S  

0.0802 
0.2800 
0.1300 
0.0518 
0.0524 
0.2000 
0.0260 
0.0400 
0.0800 
0.1794 
0.0988 
0.0432 
0.071 3 
0.1100 
0.2300 
0.0728 
0.0695 
0.1600 
0.0500 
0,0990 
0.0270 
0.031 0 
0.091 0 

1.3780 

1.1650 
0.9698 
1.4000 
4.9600 

NS 

NS 
NS 
NS 

1.2300 
0.9932 
1.2000 
1.0900 

1.4120 
7.7400 

NS 

NS 
NS 

1.6220 
3.3000 
2.1400 
1.3340 
I .0050 
1 SO00 
1.6000 
1.5200 
3.9300 
7.2550 
1.9830 
1.5870 
1.2050 
2.4600 
1.9400 
2.2320 
1.8310 
1.5500 
1.8800 
1.2000 
1.3000 
1.5000 
1.2000 

0.0043 

0.0052 
0.0036 
0.0042 
0.01 09 

0.0086 
0.0031 
0.0040 
0.0031 

0.0222 
0.0760 

0.1194 
0.2569 
0.1409 
0.0227 
0.0051 
0.0062 
0.0058 
0.0139 
0.0887 
2.2896 
0.7764 
0.2493 
0.0355 
0.0482 
0.1768 
1.441 I 
0.5204 
0.1407 
0.0415 
0.0091 
0.0055 
0.0048 
0.0047 



PT043 
PT044 
PT045 
PT046 
PT047 
PT048 
PT049 
PT050 
PT05 1 
PT052 
PT053 
PT054 
PT055 
PT056 
PT057 
PT058 
PT059 
PT060 
PT061 
PT062 
PT063 
PT064 
PT065 
PT066 
PT067 
PT068 
PT069 
PT070 
PT07 1 
PT072 
PT073 
PT074 
PT075 
PT076 
PT077 
PT078 
PT079 
PT080 
PT081 
PT082 
PT083 
PT084 
PT085 
PT086 
PT087 
PT088 
PT089 
PT090 

0.0041 
0.0502 
0.2348 
0.4616 
0.2347 
0.1353 
0.1584 
0.0053 
0.0049 
0.0168 
0.0809 
0.2206 
0.1182 
0.0439 
0.0131 
0.0135* 
0.0055 
0.0038 
0.0408 
0.1470 
0.0044 
0.0047 
0.0265 
0.0547 
0.1406 
0.0433 
0.0146 
0.0094 
0.0046 
0.0503 
0.0263 
0.0219 
0.0050 
0.0069 
0.0169 
0.0365 
0.0491 
0.021 5 
0.0054 
0.0095 
0.0057 
0.0062 
0.0087 
0.0157 
0.0198 
0.0328 
0.0075 
0.0048 

0.2040 
0.1320 
5.8400 

26.3400 
54.1 800 
25.5500 
9.4980 
4.681 0 
0.1920 
0.1840 
1.4220 
6.8350 

20.9160 
1 1.9980 
5.0640 
1.1130 
0.8770 
0.2200 
0.0970 
4.6130 

15.3990 
0.0690 
0.2660 
3.7030 
5.9550 

13.5320 
3.2120 
0.9730 
0.5010 
0.0870 
5.9390 
2.1690 
2.2490 
0.1 856 
0.4890 
1.2020 
2.91 30 
5.2960 
2.091 0 

Rejected 
0.641 8 
0.2640 
0.4346 
0.6212 
1.7030 
1.7730 
3.5380 
0.3853 

- 

0.3360 
0.5090 

21.9250 
154.3000 
294.2000 
160.5000 

123.8 
191.1 

0.3860 
0.7470 
7.3370 

61.3710 
169.5270 
82.8590 
19.1770 
7.1870 
5.0150 
1.6570 
0.4120 

19.8560 
98.3490 
0.5200 
0.6390 
7.5080 

29.2570 
101.6460 
24.8740 
7.8710 
3.2200 
0.5870 

26.1000 
13.9700 
10.4930 
1.1650 
2.5380 
8.9720 

26.11 00 
24.51 50 
1 1.7970 
3.4420 
5.5550 
1.5210 
2.1220 
4.1960 
7.1 500 

12.4300 
18.5100 
2.3660 

1.4000 
1.1000 
3.4400 
1.2530 
1.1020 
1.0610 
1.1750 
0.8448 
1.2000 
1.3000 
2.8000 
2.2400 
1.4900 
1.1000 
2.3000 
1.1790 
1.6000 
1.3000 
1.3000 
1.8600 
2.41 00 
1.3000 
1 .oooo 
1.2000 
2.0500 
2.5600 
3.4000 
0.9900 
2.0000 
1.5000 
1.5000 
2.2000 
1.5000 
1.261 0 
1.1760 
3.5810 
1.2790 
2.2000 
1.4000 
1.0370 
1.1030 
I .2940 
1.0370 
1.1430 
0.9243 
1.2410 
1.4000 
1.3370 

0.0300 
0.0590 
0.1900 
0.0656 
0.0592 
0.1059 
0.1028 
0.0332 
0.1600 
0.0970 
0.0770 
0.1700 
0.0700 
0.1000 
0.3600 
0.0472 
0.3800 
0.0540 
0.031 0 
0.0700 
0.1300 
0.1200 
0.0760 
0.0980 
0.1100 
0.0900 
0.6800 
0.0340 
0.0990 
0.1600 
0.041 0 
0.2200 
0.1100 
0.0909 
0.0302 
0.1504 
0.0972 
0.4300 
0.0660 
0.0663 
0.0156 
0.0341 
0.0376 
0.0389 
0.0313 
0.0398 
0.0266 
0.0765 

1.2000 
2.5400 
1.8450 
1 ,5240 
1.2890 
1.7740 
1.2420 
1.3000 
1.2000 
1.7000 
2.1400 
1.9200 
1.8000 
1.7000 
1.1190 
1.3000 
1.3000 
1.2000 
2.2600 
2.4700 
1.2000 
1.1000 
1.5000 
2.6400 
2.5800 
2.3000 
2.2000 
1.7000 
0.9900 
1 .goo0 
2.1000 
1.4000 
1.1170 
1.1320 
1.0830 
1.8870 
1.7000 
1.3000 
1.1130 
1.1160 
1.4210 
1.0370 
1.1410 
1.2060 
1.1080 
1.3830 
1.6110 

0.15941 1 .IO101 1.25401 0.06271 1.20901 
1 



PT092 
PT093 
PT094 
PT095 
PT096 
PT097 
PT098 
PT099 
PT100 
PT101 
PT102 
P T I  03 
P T l  04 
PT105 
PT106 
P T l  07 
PT108 
P T I  09 
PT l lO  
PT111 
PT112 
PT113 
PT114 
PT115 
PT116 
P T l  17 
PT118 
PT119 
PT120 
PT121 
P T I  22 
PT123 
PT124 
NS 

0.0075 
0.01 12 
0.0307 
0.01 52 
0.0082 
0.0055 
0.0026 
0.0024 
0.0070 
0.0064 
0.0075 
0.0031 
0.0164 
0.0066 
0.0223 
0.0120 
0.0064 
0.0049 
0.01 19 
0.0028 
0.0039 
0.0076 
0.0153 
0.0041 
0.0028 
0.0031 
0.0034 
0.0066 
0.0135 
0.0093 
0.0063 
0.0048 

0.0159 
0.5346 
0.8739 
3.3610 
1.3240 
0.4944 
0.2409 
0.0232 
0.0152 
0.61 33 
0.5262 
0.5983 
0.0714 
2.5260 
0.5423 
2.3790 
1.0720 
0.3588 
0.2153 
0.9958 
0.0053 
0.1936 
0.5409 
1.3010 
0.1312 
0.0435 
0.0285 
0.0926 
0.4747 
0.381 1 
0.8226 
0.2625 
0.21 51 
0.0474 

. 
0.0751 
2.8320 
6.6090 

17.1800 
8.4290 
3.1210 
1.5810 
0.1822 
0.0751 
5.8870 
2.1980 
3.1130 
0.4467 
2.241 0 
2.2990 

11.5000 
6.6670 
1.7450 
1.3690 
7.2810 
0.0484 
1.2450 
3.4850 
8.9330 
0.8546 
0.1194 
0.0833 
0.5577 
2.3580 

12.8400 
4.4370 
2.2290 
1.0540 
0.1821 

dot Sampled. 

0.89127 
1.3300 
1.0440 
1.1470 
1.2380 
1.3010 
1.41 70 
1.1010 
0.8166 

Rejected 
0.9717 
1.0830 
1.0750 
1.3990 
0.9937 
1.2230 
0.8586 
1.2080 
1.0800 
1 .oooo 
1.0340 
0.8736 
1.1330 
1.2540 
1.0570 
0.9250 
1.081 0 
0.9724 
1.1940 
0.8758 
1.2460 
1.0830 
0.9344 

0.0083 
0.021 8 
0.0318 
0.0666 
0.0324 
0.0790 
0.0384 
0.0160 
0.0064 

Rejected 
0.0287 
0.0229 
0.0196 
0.0123 
0.0099 
0.0560 
0.0356 
0.0408 
0.0457 
0.0247 
0.0458 
0.0177 
0.0206 
0.0449 
0.0384 
0.0190 
0.0713 
0.0569 
0.0538 
0.0286 

-0.0037 
0.1244 
0.0200 

0.72951 

1.21 00 
1.0090 
1.1370 
1.3010 
1.3700 
1.2770 
0.9214 
1.0490 

Rejected 
0.9831 
1.0200 
0.9922 
1.3080 
1.0530 
1.2230 
0.9161 
1.4610 
1.1430 
0.8337 
1.0730 
0.8905 
1.0650 
1.1200 
1.1970 
1.0930 
1.01 90 
0.9224 
0.9829 
1.1780 
1.0120 
1.1420 
1 ,3690 

0.0029 I 

Rejected Data validated as rejected. 



TABLE 3-3 

OU2 PHASE I1 RFIM 

SURFACE SOILS - RFP SAMPLING METHOD 
W C A  TIER I SUM OF 1UTLO COMPARISON- RADIONUCLIDES 

PTOOI 
PT002 
PT003 
PT004 
PT005 
PT006 
PT007 
PT008 
PT009 
PTOI 0 
PTOI 1 
PTOl2 
PTOl3 
PT014 
PTOl5 
PT016 
PTOI 7 
PT018 
PTOI 9 
PT020 
PT02 1 
PT022 
PT023 
PT024 
PT025 
PT026 
PT027 
PT028 
PT028 
PT029 
PT030 
PT031 
PT032 
PT033 
PT034 
PT035 
PT036 
PT037 
PT038 
PT039 
PT040 
PT04 1 

ND 
0 0390 

NS 
0 5345 
0 1394 
0 0740 

NS 
NS 
NS 

0 7393 
0 6870 
0 0580 
0 1183 

ND 
NS 

Rejected 
2 0690 

NS 
NS 

22 0000 
3 4000 

10 5300 
3 8340 
0 1460 
0 1545 
0 2454 

ND 
ND 

Rejected 
110 0000 
160 0000 
38 0000 
0 6419 

10 5500 
ND 

Rejected 
26 0000 
34 0000 
3 9680 
0 0870 
0 1035 
0 0466 
0.06701 0.57801 

0.0730 
NS 

2.2410 
0.349 1 
0.2430 

NS 
NS 
NS 

5.471 0 
3.8310 
0.2700 

Rejected 
ND 
NS 

18.9400 
21.1600 

NS 
NS 

120.0000 
23.0000 
59.6300 
36.7800 
1.7760 
0.8933 
1.4160 

ND 
ND 

380.0000 
Rejected 
950.0000 
280.0000 
4.7660 
44.7150 

ND 
Rejected 
380.0000 
5700.0000 
17.6200 
0.6100 
0.6869 
0.3520 

0.0002 

0.0041 
0.0009 
0.0005 

0.0073 
0.0059 
0.0005 
0.0006 

0.0133 
0.0244 

0.1 863 
0.0319 
0.0907 
0.0436 
0.0019 
0.0013 
0.0021 

0.2659 
0.51 16 
1.4090 
0.3727 
0.0063 
0.0804 

0.3869 
4.1 469 
0.0308 
0.0008 
0.0010 
0.0005 
0.00071 



PT043 
PT044 
PT045 
PT046 
PT047 
PT048 
PT049 
PT050 
PT05 1 
PT052 
PT053 
PT054 
PT055 
PT056 
PT057 
PT058 
PT059 
PT060 
PT06 1 
PT062 
PT063 
PT064 
PT065 
PT066 
PT067 
PT068 
PT069 
PT070 
PT071 
PT072 
PT073 
PT074 
PT075 
PT076 
PT077 
PT078 
PT079 
Pi080 
PT08 1 
Pi082 
PT083 
PT084 
PT085 
PT086 
PT087 
PT088 
PT089 
PT090 

ND 
ND 

Rejected 
Rejected 

ND 
ND 

Rejected 
0 0815 
0 1297 
12980 
4 1540 

Rejected 
Rejected 
Rejected 

0 6135 
0 4869 
0 2760 
0 0733 

Rejected 
NS 

0 0738 
0 2702 
0 1949 
54 0000 

Rejected 
4 3000 
0 9680 
G 4092 
0 1400 
2 0690 

Rejected 
2 1540 
0 1647 
0 3599 
0 8293 
5 2880 
3 7100 
16610 
0 8440 
0 4740 
0 1750 
0 3089 
0 8996 
0 9303 
2 0730 
3 1350 

ND 
0 3166 

ND 
ND 

260.0000 
7300.0000 

ND 
ND 

29.0000 
0.21 10 
0.5325 
5.9450 
19.9900 
120.0000 
200.0000 
6.4000 
4.4350 
4.3920 
0.9890 
0.4237 
2.7000 

NS 
0.1960 

Rejected 
1.3850 

57.0000 
47.7800 
23.0000 
12.1780 
2.4610 
0.4520 
11.5800 
31 .OOOO 
10.8400 
1.3990 
1.6370 
5.4980 

29.1750 
22.9600 
8.7360 
5.9960 
3.4840 
1.4270 
1.5790 
3.3510 
8.7430 
10.2950 
20.3440 

ND 
2.0810 

0.1819 
5.1085 

0.0203 
0.0005 
0.0010 
0.0102 
0.0333 
0.0840 
0.1400 
0.0045 
0.0060 
0.0053 
0.0020 
0.0006 
0.0019 

0.0005 
0.001 3 
0.001 9 
0.291 1 
0.0334 
0.0361 
0.01 30 
0.0036 
0.0010 
0.0177 
0.0217 
0.0176 
0.0017 
0.0028 
0.0077 
0.0450 
0.0333 
0.01 38 
0.0081 
0.0046 
0.0018 
0.0025 
0.0065 
0.0104 
0.0168 
0.0288 

0.0029 



PT092 
PT093 
PT094 
PT095 
PT096 
PT097 
PT098 
PT099 
PTIOO 
PTIOI  
P T I  02 
P T I  03 
PT104 
P T I  05 
P T I  06 
PT107 
P T I  08 
P T I  09 
PT110 
PT111 
PT112 
PT113 
P T I  14 
PT115 
P T I  16 
PT117 
PT118 
PT119 
PT120 
PT121 
P T I  22 
PT123 
PT124 

0.3051 
1.271 0 
2.9240 
0.8649 
0.3733 

Rejected 
0.0440 
0.0850 
1.5700 
0.5694 
3.1030 
0.1 100 
0.471 7 
0.2401 
2.3260 
0.5259 
0.3790 
0.2255 
0.3090 
0.01 10 
0.4920 
1.4570 
0.7478 
0.0862 
0.0450 
0.0391 

Rejected 
0.3004 
0.991 3 
0.5877 
0 3948 
0.1201 
0.0329 

dS Not Sampled 
ND Not Data 

2.1210 
6.8990 

13.8120 
5.0620 
8.4480 
2.5070 
0.1980 
0.0960 
0.7760 
2.3150 

50.3000 
0.231 0 
2.9390 
1.8210 

11.7010 
3.1380 
2.7090 
1.4550 
1.5020 
0.0440 
1.5420 
5.7970 
4.4720 
0.61 00 
0.2740 
0.2504 
0.6567 
1.7080 
7.1980 
2.6130 
2.2620 
0.9148 
0.2820 

0.0029 
0.0107 
0.0233 
0.0076 
0.0076 
0.001 8 
0.0003 
0.0005 
0.0078 
0.0043 
0.0496 
0.0007 
0.0043 
0.0024 
0.0190 
0.0046 
0.0037 
0.0021 
0.0025 
0.0001 
0.0034 
0.0108 
0.0066 
0.0008 
0.0004 
0.0004 
0.0005 
0.0026 
0.0096 
0.0046 
0.0034 
0.001 2 
0.0004 



TABLE 3-6 

RAOlO 
RAOl 1 
RAOl l  
RAOl2 
RAOl3 
RAO 14 
RAOl5 
RAOl5 
RAO 1 6 
RAO 1 7 
RAOl8 
RAOl9 
RA020 
RA02 1 
RA022 
RA023 
RA024 
RA025 
RA026 
RA027 
RA028 
RA029 
RA030 
RA03 1 
RA031 
RA032 
RA032 
RA033 
RA033 
RA034 
RA035 
RA036 
RA037 
RA037 

?ejected 

SURFACE SOILS 
OUl PHASE I11 RFI/RI 

RFCA TIER I SUM OF RATIO COMPARISON- RADIONUCLIDES 

Rejected 
Rejected 

0.0129 
0.1240 
0.0390 

Rejected 
Rejected 

0.1440 
Rejected 

0.4900 
0.2627 
0.1917 

Rejected 
0.2849 
1.1480 
1.6720 
1.9440 
0.1200 
0.6640 
0.0137 
0.4420 
0.2470 
0.5370 
0.7160 
0.1280 
0.0950 
0.0970 
0.0770 
0.7140 
0.1540 
0.0230 
0.0300 
0.0490 

1.0630 
1.1750 
0.0677 
0.6600 
0.1050 
0.2249 
1.3C90 
0.5830 
0.5944 
3.0020 
1.5530 
0.9275 
0.41 65 
2.0890 
7.0840 

11.0800 
12.9900 
1.0430 
9.6950 
0.0907 
2.3850 
1.0030 
3.0440 
5.8590 
0.7350 
0.5270 
0.6720 
0.4000 
1.3420 
0.5950 
0.0980 
0.0950 
0.1150 

0.8350 
0.7814 
1.1480 
0.7370 
0.9720 
1.5300 
1.2620 
0.6780 
0.761 1 
1.2500 
1.1600 
0.9581 
1.6620 
1.2870 
1.4620 
1.6020 
1.4900 
1.0450 
1.1920 
1.2960 
1.2660 
I .2340 
1.2150 
0.9730 
1.0560 
1.2540 
1.2280 
1.51 00 
1.0590 
1.2230 
0.8820 
0.91 50 
1.1760 

0.0176 
0.0523 
0.0584 
0.061 0 
0.1040 
0.0406 
0.0791 
0.0330 
0.0570 
0.0530 
0.0243 
0.0790 
0.0340 
0.0905 
0.0808 
0.0390 

0.0330 
0.0290 
0.0086 
0.0530 
0.0300 
0.0580 
0.0870 
0.0380 
0.0840 
0.1220 
0.0850 
0.0260 
0.0530 
0.0640 
0.1170 
0.0680 

-0.0060 

0.7136 
0.9987 
1.0280 
0.9000 
0.8500 
1 ,5680 
1.3650 
0.7640 
0.8466 
1.1830 
1.1690 
0.9509 
1.7690 
1.4790 
1.571 0 
1.7320 
1.4480 
1.3190 
1.1800 
1.5020 
1.1290 
0.9400 
1.5800 
1.41 80 
1.3190 
1.2890 
2.1990 
1.5100 
1.0120 
1.2850 
0.6260 
0.9770 
1.1760 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0.00 
0.00 
0.01 
0.01 
0.02 
0.02 
0.00 
0.01 
0.00 
0.01 
0.00 
0.01 
0.01 
0.00 
0.00 
0.01 
0.00 
0.01 
0.00 
0.00 
0.00 
0.00 

I I I I I I 

lata Validated as Rejected. 



TABLE3-4 

SOIL PROFILE PITS 1-26 
TRENCH SAMPLING METHOD 

OPERABLE UNIT N0.2 PHASE I1 RFI/RI 
RFCA TIER I SUM OF RATIO COMPARISON - RADIONUCLIDES 

TROI 
TRO 1 
TROI 
TROI 
TROI 
TROI 
TROI 
TRO 1 
TROI 
TRO 1 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 

TR00341 WCU2 
TR00342 W C  U2 
TR00343WCU2 
TR00344WCU2 
TR00345WCU2 
TR00346WCU2 
TR00347WCU2 
TR00348WCU2 
TR00349WCU2 
TR00350WCU2 
TR00393 WCU2 
TR003 95 WC U 2 
TR00396WCU2 
TR00397WCU2 
TR00399WCU2 
TR00400WCU2 
TR00401 WCU2 
TR00402WCU2 
TR00403WCU2 
TR00404 WCU2 
TR00372WCU2 
TR00373WCU2 
TR00374WCU2 
TROO 375 WC U 2 
TR00376WCU2 
TR00377 WC U 2 
TR00378WCU2 
TR00379WCU2 
TR00380WCU2 
TR00381 WCU2 
TR00386WCU2 
TR00389 W C  U2 
TR00390WCU2 
TR00413WCU2 
TR004 14WCU2 
TR00415WCU2 
TR00416WCU2 
TR00417WCU2 
TR00418WCU2 
TR00419WCU2 
TR00420WCU2 
TR00421 WCU2 
TR00422WCU2 

0.0030 
0.0032 
0.0027 
0.0035 
0.0050 
0.0121 
0.0294 
0.1129 
0.1312 
0.1681 
0.0030 
0.0023 
0.0021 
0.0039 
0.0160 
0.0679 
0.0904 
0.1744 
0.3549 
0.3339 
0.0032 
0.0024 
0.0029 
0.0049 
0.01 16 
0.0125 
0.3595 
0.3521 
0.41 24 
0.2253 
0.0037 
0.0034 
0.0031 
0.001 5 
0.0032 
0.0035 
0.0035 
0.0071 
0.0129 
0.1367 
0.451 7 
0.621 9 
0.8893 



TR04 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR06 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TRIO 
TRIO 
TRIO 
TRIO 
TRI  0 
TRIO 
TRIO 
TRIO 

TR00431 WCU2 
TR00358WCU2 
TR00359WCU2 
TR00360WCU2 
TR00361 WCU2 
TR00362WCU2 
TR00363WCU2 
TR00364WCU2 
TR00365WCU2 
TR00366WCU2 
TR00367WCU2 

Samples  Not Analyzed 
TR00307WCU2 
TR00308WCU2 
TR00309WCU2 
TR0031OWCU2 
TR00311 WCU2 
TR00312WCU2 
TR00313WCU2 
TR00314WCU2 
TR00315WCU2 
TR00316WCU2 
TR00323WCU2 
TR00324WCU2 
TR00325WCU2 
TR00326WCU2 
TR00327WCU2 
TR00328WCU2 
TR00329WCU2 
TR00330WCU2 
TR00331 WCU2 
TR00332WCU2 
TR00291 WCU2 
TR00292WCU2 
TR00293WCU2 
TR00294WCU2 
TR00295WCU2 
TR00296WCU2 
TR00297WCU2 
TR00298WCU2 
TR00299WC U2 
TR00300 WC U2 
TR0017lWCU2 
TROOI 72WCU2 
TROOI 73WCU2 
TROOl74WCU2 
TR00175WCU2 
TR00176WCU2 
TROOI 77WCU2 
TR00178WCU2 

0.0035 
0.0016 
0.0018 
0.0046 
0.0392 
0.0395 
0.1407 
0.21 18 
0.4376 
0.4295 
0.7886 

0.0015 
0.0031 
0.0028 
0.0067 
0.0105 
0.0323 
0.2907 
0.0365 
0.0514 
0.0288 
0,0099 
0.001 3 
0.0165 
0.41 19 
2.2325 
2.0584 
7.6719 
3.2540 
3.2948 
7.7843 
0.0037 
0.0021 
0.0033 
0.0031 
0.0057 
0.0141 
0.0441 
0.0966 
0.251 0 
0.2513 
0.0022 
0.0028 
0.0030 
0.0037 
0.0017 
0.0025 
0.0035 
0.0056 



TRIO 
TRIO 
TRIO 
TR11 
TR11 
TR11 
TRI 1 
TR11 
TRI 1 
TR11 
TRI 1 
TR11 
TRI 1 
TR11 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TRI 3 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR15 
TR15 
TR? 5 
TR15 
TR15 
TR15 

TROOl79WCU2 
TROOI 8OWCU2 
TR00181WCU2 
TR00274WCU2 
TR00275WC U2 
TR00276WCU2 
TR00277WCU2 
TR00278WCU2 
TR00279WCU2 
TR00280WCU2 
TR00281 WCU2 
TR00282WCU2 
TR00283WCU2 
TR00284WCU2 
TR00256WCU2 
TR00257WCU2 
TR00258WCU2 
TR00260WCU2 
TR00262WCU2 
TR00263WCU2 
TR00264WCU2 
TR00265WCU2 
TR00266WCU2 
TR00267WCU2 
TROOl04WCU2 
TROOI 05WCU2 
TR00106WCU2 
TROOI 07WCU2 
TROOl08WCU2 
TROOlO9WCU2 
TROOI 1OWCU2 
TROOI 1 1 WCU2 
TROOI 12WCU2 
TROOI 13WCU2 
TR00239WCU2 
TR00240 WCU2 
TR00241 WCU2 
TR00242WCU2 
TR00243WCU2 
TR00244WC U2 
TR00245WCU2 
TR00246WCU2 
TR00247WCU2 
TR00248WCU2 
TROOl22WCU2 
TR00123WCU2 
TROOl24WCU2 
TR00125WCU2 
TR00126WCU2 
TR00127WCU2 

0.0343 
0.0569 
0.0027 
0.0031 
0.0023 
0.0034 
0.0037 
0.0051 
0.0050 
0.0171 
0.0289 
0.0813 
0.1386 
0.0042 
0.0026 
0.0023 
0.0023 
0.0024 
0.0089 
0.0428 
0.0504 
0.1311 
0.5773 
0.0027 
0.0021 
0.0026 
0.001 1 
0.0016 
0.0021 
0.0027 
0.0036 
0.0060 
0.0100 
0.0016 
0.0016 
0.0010 
0.0008 
0.0042 
0.0056 
0.0074 
0.0084 
0.01 11 
0.0291 
0.0167 
0.0030 
0.0025 
0.0014 
0.0005 
0.0026 



TR15 
TR15 
TR15 
TR15 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TRI  7 
TR17 
TR17 
TR17 
TR18 
TR18 
TRI  8 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR19 - 
TR19 
TR19 
TR19 
TRI  9 
TR19 
TR19 
TR19 
TR19 
TR19 
TR20 
TR20 
TR20 
TR20 
TR20 
TR20 

TW0128WCU2 
TROOl29WCU2 
TROO130WCU2 
TROO 13 1 WCU2 
TR0007 1 WCU2 
TR00072WCU2 
TR00073WCU2 
TR00074WCU2 
TR00075WCU2 
TR00076WCU2 
TR00077WCU2 
TR00078WCU2 
TR00079WC U2 
TR00080WCU2 
TROOI 55WCU2 
TR00156WCU2 
TROOI 57WCU2 
TR00158WCU2 
TROOl59WCU2 
TR00160WCU2 
TR00161 WCU2 
TR00162WCU2 
TR00163WCU2 
TROOl64WCU2 
TR00086WCU2 
TR00087WCC12 
TR00088WCU2 
TR00089WC U2 
TR00090WCU2 
TR00091 WCU2 
TR00092WCU2 
TR00093WCU2 
TR00094WCU2 
TR00095WCU2 
TROOI 39WCU2 
TROOl4OWCU2 
TROOl41 v\ICU2 
TR 0 0 1 4 2VVC U 2 
TR00143WCU2 
TROO 144WCU2 
TROO 1 45VK U 2 
TROOl46WCU2 
TROOI 47WCU2 
TROOZ 48WCU2 
TR00051 WCU2 
TR00052WCU2 
TRO 0 0 5 3WC U 2 
TR00054WCU2 
T R 0 0 0 5 5Wl: U 2 
TR00056WCU2 

-- 

0.0053 
0.0036 
0.01 16 
0.0025 
0.0031 
0.0029 
0.0020 
0.0050 
0.0041 
0.0065 
0.0066 
0.0093 
0.0109 
0.0062 
0.0044 
0.0029 
0.0058 
0.0086 
0.0056 
0.0061 
0.0082 
0.0346 
0.1604 
0.0066 
0.0098 
0.0130 
0.0069 
0.0080 
0.0093 
0.0094 
0.0055 
0.0092 
0.0197 
0.01 16 
0.0081 
0.0065 
0.0083 
0.0075 
0.0091 
0.0062 
0.0122 
0.01 34 
0.01 35 
0.0141 
0.0053 
0.0193 
0.0027 
0.0045 
0.0072 



TR20 
TR20 
TR20 
TR21 
TR2 1 
TR21 
TR2 1 
TR2 1 
TR21 
TR21 
TR21 
TR2 1 
TR2 1 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR25 
TR25 
TR25 
TR25 

TR00057WCU2 
TR00058WCU2 
TR00059WCU2 
TR00060WCU2 
TROOOOI WCU2 
TR00002WCU2 
TR00003WCU2 
TR00004WCU2 
TR00005WCU2 
TR00006WCU2 
TR00007WCU2 
TR00008WCU2 
TR00009WC U2 
TROOOlOWCU2 
TROOOI 6WCU2 
TROOOI 7WCU2 
TROOOl8WCU2 
TROOOl9WCU2 
TR00020WCU2 
TR00021 WCU2 
TR00022WCU2 
TR00023WCU2 
TR 0 0 024 WC U 2 
TR00025WCU2 
TR00026WCU2 
TR00034WCU2 
TR00035WCU2 
TR00036WC U2 
TR00037 W C  U2 
TR00038WCU2 
TR00039WCU2 
TR00041 WCU2 
TR00042WCU2 
TR00043WCU2 
TR00044WCU2 
TR00050 W C  U2 
TROOI 89WCU2 
TROOI 9OWCU2 
TROOI 91 WCU2 
TROOI 92WCU2 
TROOI 93WCU2 
TR00194WCU2 
TR00195WCU2 
TROOl96WCU2 
TROOI 97WCU2 
TR00206WCU2 
TR00223WCU2 
TR00224WC U2 
TR00225WCU2 
TR00226WCU2 

0.0050 
0.0059 
0.0091 
0.0095 
0.0029 
0.2006 
0.4591 
0.0029 
0.0027 
0.0032 
0.0028 
0.0036 
0.0037 
0.0095 
0.0044 
0.0032 
0.001 1 
0.0027 
0.0007 
0.0032 
0.0041 
0.0085 
0.0031 
0.01 02 
0.0061 
0.0043 
0.0044 
0.0389 
0.0299 
0.0093 
0.0059 
0.0102 
0.0084 
0.0028 
0.0031 
0.0048 
0.0024 
0.0018 
0.0016 
0.0031 
0.0031 
0.0037 
0.0037 
0.0051 
0.0048 
0.0022 
0.0058 
0.0077 
0.0096 
0.01 08 



TR25 
TR25 
TR25 
TR25 
TR25 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 

TR00228WCU2 
TR00229WCU2 
TR00230WCU2 
TR00231 WCU2 
TR00233WCU2 
TR00207WCU2 
TR00208WCU2 
TR00209WCU2 
TR0021OWCU2 
TR00211 WCU2 
TR002 1 2WC U 2 
TR00213WCU2 
TR00214WCU2 
TR00215WCU2 
TR00216WCU2 

0.01 15 
0.01 17 
0.0135 
0.01 19 
0.01 53 
0.0157 
0.0066 
0.0096 
0.01 05 
0.0101 
0.0069 
0.0124 
0.0152 
0.0150 
0.0170 
0.0190 

rrench TR06 was sampled but not analyzed because activity 
exceeded DOT shipping requirements. 



TABLE 3-8 

SUBSURFACE SOIL SAMPLES 
OPERABLE UNIT N0.2 PHASE I & I1 FWI/RI 

RFCA TIER I SUM OF RATIOS COMPARISON - RADIONUCLIDES 

s:-,s, .) !Location 
BH2287 
BH2287 
BH2287 
BH2287 
BH2287 
BH2387 
BH2387 
BH2387 
BH2487 
BH2487 
BH2487 
BH2487 
BH2687 
BH2687 
BH2687 
BH2787 
BH2787 
BH2787 
BH2887 
BH2887 
BH2887 
BH2887 
BH2887 
BH2987 
BH2987 
BH2987 
BH2987 
BH3087 
BH3087 
BH3087 
BH3087 
BH3087 
B315289 
B315289 

B315289 
831 5289 

29 1 
6591 
6591 
6591 
6591 
6591 
6591 

~315289 

BH22871018 
BH22871 OWS 
BH228720CT 
BH228722BR 
BH23870008 
BH238708CT 
BH23871 I BR 
BH24870002 
BH248705CT 
BH248708BR 
BH248710 WS 
BH26870003 
BH268703CT 
BH268706BR 
BH27870010 
BH27871 OCT 
BH278713BR 
BH288700WT 
BH28870104 
BH288705WS 
BH288706CT 
BH288709BR 
BH29870010 
BH298713CT 
BH298716BR 
BH298717WT 
BH30870010 
BH30871020 
BH30871 OWS 
BH308720WT 
BH308725BR 
5989BR0003 
5989BR0306 
5989BR0711 
5989BR1115 
5989BR1518 

BH00574WCU2 
BHOl249WCU2 
BH01251 WCU2 
BHOl255WCU2 
B H 0 1 257 WC U2 
BHOl26OWCU2 
BH01262WCU2 

0.001 
0.001 
0.001 
0.000 
0.001 
0.002 
0.001 
0.001 
0.118 
0.002 
0.002 
0.001 
0.1 16 
0.003 
0.002 
0.005 
0.001 
0.002 
0.006 
0.002 
0.002 
0.003 
0.006 
0.002 
0.002 
0.001 
0.001 
0.230 
0.001 
0.002 
0.001 
0.001 
0.019 
0.002 
0.001 
0.002 
0.001 
0.017 
0.002 
0.002 
0.002 
0.004 
0.002 
0.002 



6591 
6591 
6591 
6691 
6691 
669 1 
6691 
6691 
6791 
6791 
6791 
6791 
6791 
6891 
6891 
6991 
6991 
6991 
6991 
6991 
6991 
709 1 
7091 
7191 
7191 
7191 
7191 
7291 
7291 
729 1 
7291 
7391 
7391 
7391 
7591 
7591 
7491 
7491 
7691 
8691 
8691 
869 1 
869 1 
8791 
8791 
879 1 
8791 
8791 
8891 
8891 

BHOI 265WCU2 
BH01268WCU2 
BHOI 27OWCU2 
BH00518WCU2 
BH00520WCU2 
BH00522WCU2 
BH00524WCU2 
BH00525WCU2 
BH00490WCU2 
BH00493WCU2 
B H00496WC U2 
BH00499WCU2 
B H 005 0 1 WC U2 
BH00540WCU2 
B H 00543WC U 2 
BH00701 WCU2 
BH00702WCU2 
BH00706WCU2 
BH00708WCU2 
BH00710WCU2 
BH007 14WCU2 
B H 00484WC U 2 
BH00486WCU2 
BH00979WCU2 
BH00982WCU2 
BH00985WCU2 
BH00987WCU2 
BH00718WCU2 
BH00719WCU2 
BH00721 WCU2 
BH00723WCU2 
B H00475WCU2 
BH00477WCU2 
BH00480WCU2 
BH01227WCU2 
B H 0 1 22 9 WC U 2 
B H 0 1 2 33WC U 2 
BH01235WCU2 
BH01204WCU2 
B H00530 W C  U 2 
B H 00533 W C  U 2 
B H 005 36WC U 2 
B H 00537 W C  U 2 
BH00505WCU2 
BH00507WCU2 
BH00510WCU2 
BH00512WCU2 
BH005 1 4 W C  U2 
BH00550WCU2 
BH00552 W C  U2 

0.003 
0.004 
0.002 
0.083 
0.01 1 
0.003 
0.002 
0.003 
0.003 
0.002 
0.002 
0.003 
0.002 
0.001 
0.002 
0.001 
0.001 
0.002 
0.002 
0.002 
0.003 
0.002 
0.008 
0.002 
0.002 
0.002 
0.003 
0.007 
0.003 
0.003 
0.003 
0.003 
0.004 
0.003 
0.002 
0.058 
0.003 
0.005 
0.003 
0.01 8 
0.002 
0.003 
0.003 
0.004 
0.002 
0.004 
0.003 
0.002 
0.028 
0.01 5 



8891 
8891 
8891 
8991 
8991 
8991 
8991 
8991 
8991 
909 1 
9091 
9091 
9091 
9091 
9191 
9191 
9191 
9191 
9191 
9691 
969 1 
9691 
9391 
9591 
9791 
9791 
9791 
12791 
12791 
13091 
13091 

BH00952WCU2 
BH00955WCU2 
BH00957WCU2 
BH00741 WCU2 
BH00743WCU2 
BH00745WCU2 
BH00750WCU2 
BH00752WCU2 
BH00753WCU2 
BH00727WC U2 
BH00729WCU2 
BH00732WCU2 
BH00735WCU2 
BH00737WCU2 
BH00962WCU2 
BH00965WCU2 
BH00969WCU2 
BH00973WCU2 
B H 00975WC U2 
BHOl207WCU2 
BH01211 WCU2 
B HO 1 2 14WCU2 

All 
All 

BHOl218WCU2 
BH01221 WCU2 
BH01223WCU2 
BH01239WCU2 
BH01240WCU2 
BH00347WCU2 
BH00348WCU2 

0.004 
0.002 
0.002 
0.018 
0.003 
0.002 
0.002 
0.003 
0.003 
0.007 
0.002 
0.002 
0.002 
0.002 
0.053 
0.005 
0 002 
0.002 
0.004 
0.003 
0.003 
0.006 

Rejected 
Rejected 

0.003 
0.004 
0.003 
0.003 
0.003 
0.002 
0.002 

Rejected Laboratory results validated as rejected. 
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RMRS 903 Pad, Lip Area, and 
Surrounding Area Data Summary 

APPENDIX A 



Environmental Record Database - Details of M a h i n g  Records 

Data Source: EMF 
Title: PLUTONIUM SURFACE CONTAMINATION 903 AREA 

Keywords: KEYWORDS: ; WASTE STOf?AGE;WASTE OIL & S0LVENTS;CONTAMINATED S011;9W904 

Comments: 

PAD CONTAMINATIOMNCIDENTS; NAMES IN TUCT. 

Authors: OWEN JB; DOW CHEMICAL ROCKY FLATS 

Pub-Datel: 07/25/1968 

Pub-Date2: 02/12/1995 
te Estimated?; N 

wcument Type: INTERNAL LElTERS, , MARGINALIA 

Addressee: SEASTONE J 

Distribution: WALK0 EJ; BASSLER DM; EPP JG; LOVE CM; PILTINGSRUD CW; PUTZLER EA: WALK0 W 
'ocument Size: PAGES: 6 
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THE D O W  CHEMICAL C O M P A N Y  
ROCKY FLATS DIVISION 

OOLPSN, COLQRACO &040\ 

r .  0. BOX ) I S  

c 

I 

Ekalth Fhys'ice b e  completed B survey of the plutonium contamination 
present on the surface of thc 903 area. The following describe6 the 
techniques ueed, condltione in the aree during the survey, survey 
results, and the Eeslth Phyeica 'recamnIeendatian for corrective action. 

A grid 8 y e k m  vas e e t a b l f e W  which extended approximately 25 feet 
out8ide of the fenced area In all directlans, 
Placed at  intervi~le of 25 feet d o n g  each grid lZne and the maximum 
level o f  contemiaatlon withln 1 foot o f  tach stake was determined. 
Significant levels of contamfruition were noted on the eaet  and mouth 
boundariee of tbs grid eyotem EO the By6tePl wae extended SL) additional 
125 feet io these direction& t o  more accurately determine the size and 
ehapa of the oignificmtly conternhated area. 

WoodeiI 8tskekI were 

. . 

I .  

I .  

0 .  

! : 
% _  I :  

Vegetatlon l e  very sparse imide of the fenced &rea end the levels Of 
contamhation vere determined for the most part, on bare soilD Vegetation 
outside of the fenced area  is relatively heavy and although attelnpte 
were &e to  reach tho 8011 the levela nf coxxtamiaatlon are i n  maay 
caeee Fnfluenced dQvmrerd 

There bad been no E i g n i f $ C t m t  rain fall during the previous week to 
ten days. 

The r e e a t s  of the survey awe displayed cia the attachid diagram. 

square meter ~a 

Eornpany, 'Ihcorporated (REECO), Mercury, He-, for u8e in Operetion 
"Elot Spot",  

Tlic contrainntion in tho 903 moo is not "frooh fallout". 
fcnced arm and 1 6pOt eatimatx3d at from 100 to  300 micro&rame per 
square meter south o f  the fenced area, the aontmbation ie due to 
l e a k i n g  d r ~ m e . ~  ' b e  oont6lxfmtlan vas csrried into the soif by 8 Liquid. 
The a031 C O n d i t i O ~ i ~ f  in this meet &Q uot peat  accurate psaetratioa 
dt LerminBtion%, but,a spat survey in the southweat section Micateeif 
60'micrograir1~ par square meter at a depth of 8 fachos with n0 i n d b Z 8 t i O n  
o f  bving reached the Unrit of penetration. 

:: 

due to 8 pester t 
I' 

-_ 
' ,  
1 %  

' 

I, 

di8tanCe and regetaticin 
of tbe survey6 were taken during 

' * /  

! 

pi' i: 
yr izency Radiation WniturinR I '  

75 t o  95 degree6 Fahrenheit. 

. I  

I 

&famation used in c o n w g g  the ~ ~ r v e y  results t o  microKn&uuxL 

Tmlning l4k-s Electrical and Gaginneerfng 

The converaion factore arc far "fresh fallou$"* 

Within %ha 
r 

4 

e 
i I 

i 



- 2. - 
The affecte  of uind, rain, snow, and work in the fenced mea1 hcluding 
purpoaely covering high level coutamlwtlon uith clean soil and gravel, 
bave not been determined, but , i t  I s  known t h a t  these factor6 result in 
the survey indicating lens plutonium thaa the BctuaS amount present. 
&aide of the fenced e.re8 the actual amount of plutonfurn present pray 
be a s  much as 3,000 times more than is indicated by the euntey r e e u . 9 .  

The contarninst$on in the remainlag ares outside OS the fence l a  due to  
w i n d  aad ground =tar runoff tropl tha fenced area. No attam@e h8Vu 
been made to determine' the &pth of penetration in this area, but it 
ia reasonable to assume that the penetration ie not mre than 1 or 2 
ioche deep an8 that the actual anmunti of plutonium pretsent i~ not mre 
thsn 100 time6 pester than the aP3ount indicated by the survey r e s ~ l t a ,  

w - -  

- 
extensive eoil sampling program. W CO- t- 

. &a cone%dering t& solutions to the problem, one can refer to the -0 
training manual. aad the "AID RadiorOgiaal Assistance Plan". Tr, %-tu 
fraB the XEECO training manual: 

"Th moat dosirable objective for decontamimtfon would 
be to remove aL1 trace13 of cantantination, at least to 1 
OT 2 microgram per aquasa wter. -ever, in many, 
perhap0 mst, cases thie w f l l n o t  be poesfbla, Therefore, 
suggested maximm levels  for determining decontaminatibn 
and relative hazards in a r e ~ 8  we at3 follows: 

MEAslfREME;NT & A z A R I ) m x A t  

Greater than Extremely hatst.doue 
3500 micragrams per equara meter 

i 

s 
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effected. 
micmgrama per square meter, the area eboulri be dRconkrmc 
h a t e d  only to a vdw coneistent with reaeonable effort  
snd cost.)" 

( X i  snitid contglntnation i s  lese than 1OOO 

.. 

Move the toxfa gam storage building to  a nwt location. 

Remove the fence f'rcnn the south and east side6 of the 
wee. Diapoae of  the fence as contminated waste. 

ftemove tb 8011 and rock from the spot of  from 100 
to 300 micrograms per square meter south of the fenced 
axe& by haad. P l a a  the soil Bnd rock i n d d t  of the 
fenced tares. Dampea or o i l  the area to avoid cresting 
duet during tho ramoval. 

?i;\Willdota the s o i l  and rack to a depth of Fram 4 to 6 
tiaches fz%m tbe contsmiaa.ted 8L.ea8 outside o f  tba 
fence to the east aad crouth into the feaced We8. 
k p e a  ar o i l  tbe tuea to avoid creating dust durSner 
the operation.. 

66 

7. 

This aoil d rock f8 to  lie used tu s t a r t  to bring the 
leve l  of the fenced ares up to the bigbeof p o i n t  in the  
fenced area. The m a  w i t h i n  the fence i e  not to be 
bull&sed. 

This 13boULd be done with the bulldozer which PLanf Service8 

necessary to diepose of t h i o  bu'llnnzer as contamlnatab 
v a e t e .  

Seastone) b a ~  obtained f r o m  eurphs. It IDBY become 

Remove the tmke weet  of I3tdldir.x 903, Diepose o f  the 
-6 88 C O l l m h t e d  W t C r  

i: 
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Remove the gas tank we& of Building 904 and rStUr0 it 
tm the  vendor. 

9. Move BUi1ding8 903 and 9 4  to their new locatious. 

10. Bring In additional sail and gravel to cover and comple- 
the  raising of the fenced area up t o  and cover the high- 
e s t  point in the itnced area. This cover it3 to a c t e d  
25 feat begod tha fenced was ip aU directions eab i s  
to be of a thiaknees and texture to BBmo as base O W  
a concrete pab. 

This cover c m  be appLied by a contractor stastbU3 along 
the north eids aDd grading to the south with the grader 
remaining on the new cover. 

11. The contractmr ie to pour a concrete pad over the area. 
The paa is to be poured in, B maMBr which w i l l  888we 
that growd water  Kill  not run under it and that vater 
froa rain or BLSOY will not penst-rate it, 

. 

. 

, 

Tb's w i l l  insure containment of  the cootxminertion and prevent the 

---- 

the crates c 

Health Physics i r r  avslhble for further dtecussiqn of  this  pmblm BO required. _I___- 

-. 

c 

\ 

i 

1 

I .  _ .  

. I: 

I 



K e 
k 
Y 

! 

i 

\ 
f 

Iu 
Y 

t ' 
F, 

I 

1 .. 
.. . 

, 

' I  

I 
I '  



I 

! 

I 

i 

'I 
4 

. . ̂____. . d... ,_-___._ . _- ... C --. . e . .  .. 

,/' 
/' 

I 



RMRS 903 Pad, Lip Area, and 
Surrounding Area Data Summary 

APPENDIX B 



DRAFT 
DATA USABILITY EVALUATION 

of 
RADIOANALYICAL RESULTS 

for 
SURFACE SOIL REMEDIATION STRATEGIES 

in the 
903 PAD AREA. 

Rock Mountain Remediation Services 

April, 1997 

Revision No. 
Document Control No: RFIRMRS-07- 



TABLE OF CONTENTS 

EXECUTIVE SUMMARY 

1.0 PURPOSE 

2.0 BACKGROUND 

3.0 WORK PLAN REQUIREMENTS 
3.1 OU-1 PHASE I11 RFI/RI SURFICIAL SOIL DATA 
3.2 OU-2 PHASE I1 FWI/RI SURFICIAL SOIL DATA 
3.3 SOIL PROFILE DATA 

4.0 RESULTS 
4.1 PRECISION 

4.1.1 
4.1.2 OU-2 PHASE I1 RFI/Rl SURFICIAL SOIL DATA 

OU- 1 PHASE I11 RFI/RI SURFICIAL SOIL DATA 

4.1.3 SOIL PROFILE DATA 
4.2 ACCURACY 

4.2.1 
4.2.2 OU-2 PHASE I1 RFIM SURFICIAL SOIL DATA 

OU-1 PHASE Ill RFIM SURFICIAL SOIL DATA 

4.2.3 SOIL PROFILE DATA 
4.3 COMPLETENESS 

4.3.1 OU-1 PHASE I11 RFI/RI SURFICIAL SOIL DATA 
4.3.1.1 Real Samples 
4.3.1.2 QC Samples 

4.3.2.1 CDH SampIing Method 
4.3.2 OU-2 PHASE I1 RFI/RI SURFICIAL SOIL DATA 

4.3.2.1.1 Real Samples 
4.3.2.1.2 QC Samples 

4.3.2.2 RFP Sampling Method 
4.3.2.2.1 Real Samples 
4.3.2.2.2 QC Samples 

4.3.3 Soil Profile Data 
4.3.3.1 Real Samples 
4.3.3.2 QC Samples 

4.4 REPRESENTATIVENESS 
4.4.1 
4.4.2 OU-2 PHASE I1 RFI/Rl SURFICIAL SOIL DATA 

OU-1 PHASE 111 RFI/RI SURFICIAL SOIL DATA 

4.4.3 SOIL PROFILE DATA 
4.5 COMPARABILITY 

5.0 CONCLUSIONS 

REFERENCES 



EXECUTIVE SUMMARY 

A comprehensive evaluation of radiochemistry data acquired within the ER program over the past 
several years has been completed for the purpose of evaluating the data's usability relative to potential 
remediation of radionuclides within the soils at and near the 903 Pad area. The data sets reviewed 
include OU-1 Phase I l l  RFIIRI surficial soils, OU-2 Phase I f  RFI/RI surficial soils, and trenches 
throughout several operable units as well as the buffer zone. Evaluation of the data for usability relative 
to environmental decision-making satisfies a major quality requirement of the ER program. 
The data sets were chosen based on their areal extent with respect to the 903 Pad and the time frame in 
which the data were acquired. The success of any remediation effort hinges on the confidence of 
"knowing" the areal and vertical extent of contaminant concentrations relative to action levels (Le. 
cleanup levels). The time frame of the data sets evaluated was significant because the data were 
acquired within an established environmental Quality Assurance program, consistent with the goal of 
producing defensible data and consequent environmental decisions. 

In general, and from a radiochemistry perspective, all data qualified as valid (Ragged as "V'), acceptable 
with qualification (flagged as "A"), or unflagged, is usable, based on the well-established, formal data 
validation process. Rejected data (flagged as "R") is not usable for the same reason. Because such a 
vast majority of the radionuclide dataset underwent the formal validation process with high percentages 
of valid and acceptable data (Luker et al., 1994), inferences about (analyticaVradiochemistry) data 
usability have a high confidence throughout the ER program as a whole. Generally, all data not rejected 
by the validation process are usable. Validation qualifiers directly and adequately address such usability 
criteria as "precision" and "accuracy"; however, data usability based on "representativeness", 
"completeness", and "comparability" relies less on data validation criteria and more on the data as 
compared with project objectives. Such comparisons given in this report do not disqualify any data 
beyond those rejected data from the validation process. However, it must be emphasized that details of 
this usability analysis are with respect to a procedure designed to measure compliance to work plans 
already implemented (e.g., OU-2 Phase II RFI/RI Work Plan), and not with current remedial action 
plans. Inputting selected, usable data into impending remediation strategies (work plans) is the next 
step. 

The foremost precaution warranted for use of previously collected RFI/RI data is that of 
representativeness: this is the weakest aspect of the usability argument, as compliance with the RFI/RI 
work plan(s) is the primary basis for establishing representativeness. It must be ensured that the 
samples used to estimate radionuclide activity levels directly support the latest remediation goals 
(especially with respect to 3-0 locations), and not simply compliance with previous RFI/RI 
(characterization) work plans. For example, one analytical result may represent up to 10 acres of areal 
extent (Colorado Department of Health {CDH} method) while another may represent point-locations 
(trenchlpit samples). If the desired areal control of remediation is to be "tighter" than the areal control 
provided by composite sampling, further sampling control will be necessary. Conversely, if such gross 
areas are not within a remediation area of interest (e.g., on the outer periphery of the buffer zone), 
previous composite sampling over the area is probably adequate as a gross characterization of large, 
peripheral areal plots. 



1.0 PURPOSE 

The purpose of this report is to provide the results of Environmental Restoration Management's 
Procedure 2-G32-ER-ADM-08.02, Evaluation of ERM Dafa for Usability in Final Reports, to indicate 
surficial soil data usability for OU-2 remediation strategies. The data evaluated by this procedure include 
surface soil samples analyzed for radionuclides that span several projects; over 1 18 plots utilizing CDH 
and RFP sampling methods, over 28 plots utilizing RFP sampling methods for the OU1 Phase Ill RFVRI, 
and 26 trenches based on the OU-2 Phase II RFI/RI work plan. 

2.0 BACKGROUND 

Regarding the Phase I I  RFI/RI Report 903 Pad, Mound, and East Trenches Area, Operable Unit No.2 
dated October 1995, numerous surface soil sampling programs were implemented in support of the OU2 
RFVRI including: 

0 

0 

The sampling of 118 plots using the CDH sampling method to determine spatial extent of 
radiological contamination including plutonium-239/240, americium-241, and uranium isotopes; 
The sampling of 118 plots using the RFP sampling method for americium-241 and plutonium- 
2391240 comparison with the CDH sampling method; 
The sampling of 26 pits using trenching methods to determine the vertical extent of radiological 
contamination; and 
The sampling of 40 locations to generate data for use in the risk assessment. 

Two separate evaluations were performed specific to the OU-2 surficial soils data: the CDH sampling 
program and the RFP sampling program. 

Other surface soil sampling programs were implemented during the OU2 RFVRI, which were intended 
to support the OU1 RFI/RI including: 

The sampling of 118 plots using the CDH sampling method to determine spatial extent of 
radiological contamination including plutonium-239/240, americium-241, and uranium isotopes. 
Seven of the 10-acre plots and four of the 2.5-acre plots fall partially or entirely in OUI; 
The sampling of 118 plots using the RFP sampling method for americium-241 and plutonium- 
2391240 to compare with the CDH sampling method; 
The sampling of 26 pits using trenching methods to determine the vertical extent of radiological 
contamination. Three of these pits are located within OUI. 

0 

0 

A surface soil sampling program was implemented in support of the OU1 Phase Ill RFI/RI baseline risk 
assessment. The OU1 area was divided into four-hundred-fifty 50- by 100-foot contiguous rectangle 
plots, which were sequentially number. Twenty-four of the plots were selected for sampling by matching 
the plots with numbers generated from a random number generating process. Four biased sampling 
locations were selected to include IHSSs 106, 130, 11 9.1 and 11 9.2 because they were most likely to 
have surface soil contamination based on site histories -- contaminated liquid discharges, stored, 
drummed wastes, or wastes were buried at shallow depths. Data associated with the 4 discrete 
sampling locations identified in Technical Memorandum 5 is not being evaluated in this effort. These 
data were previously addressed under the OU1 Hot Spot Removal Action. 

The final subset of data was collected from Trenches 1-26 in support of the OU2 Phase I I  RFVRI. These 
samples were collected at the surface (0-3 cm. and 3-6cm.) and to approximately one meter in depth. 



3.0 WORK PLAN REQUIREMENTS 

3.1 OU-I PHASE 111 RFllRl SURFICIAL SOIL DATA 

Draft Final Technical Memorandum 5, Addendum to the Final Phase Ill RFI/RI Work Plan, Surface Soil 
Sampling and Analysis Plan, Rocky Flats Plant, 881 Hillside Area (Operable Unit No.1) provides the 
scope of the surface soil sampling program. 

The program included collecting samples over a grid covering approximately 52 acres. The OU1 area 
was divided into four-hundred-fifty 50- by 1 OO-foot contiguous rectangle plots, which were sequentially 
number. Twenty-four of the plots were selected for sampling by matching the plots with numbers 
generated from a random number generating process. Four biased sampling locations were selected for 
sampling in IHSSs 106, 130, 119.1 and 119.2. The samples were planned with the RFP sampling 
method -- a mixture of 10 grab subsamples from which one composite sample was generated for 
analysis. Random subsamples from the composite were withdrawn and measured for numerous 
analytical measurements. With through mixing, a physical averaging took place, so that the final sample 
analyzed represented an average concentration of the original grab subsamples and their respective 
locations. 

The Work Plan proposed 24 plots and four discrete locations for a total of 28 surface soil samples using 
the RFP method. 

The Draft Final Technical Memorandum 5, Addendum to the Final Phase Ill RFI/RI Work Plan, Surface 
Soil Sampling and Analysis Plan, Rocky Flats Plant, 881 Hillside Area (Operable Unit No.1) provides the 
surface soil sampling programs QNQC requirements. The analysis program include gross alpha, gross 
beta, plutonium-239/240, americium-241, uranium-233/234, uranium-235, uranium-238, radium-226, 
and Radium 228. However, only results of radionuclides identified in the RFCA (Pu, Am, U-2331234, U- 
235, and U-238) warrant evaluation. 

The OU1 Technical Memorandum No.5 QAA did not state rationale for the evaluation of equipment 
rinsate blank results. Risk Assessment Guidance for Superfund (RAGS, 1989) rationale was better 
suited for this evaluation . RAGS states that if the contaminant is not a common laboratory contaminant 
then “consider site sample results as positive only if the concentration of fhe chemical in the site sample 
exceeds five times the maximum amount detected in any blank. Rinsate samples were evaluated 
relative to the RAGS guidance, as well as using RFCA action levels to qualitatively compare to field 
blank values. 

The OU1 TM5 did not specify rationale for the evaluation of duplicate sample results. Therefore, 
consistent with other Environmental Restoration projects at RFETS, the DQO for field duplicate samples 
was 40 percent relative percent difference for homogenous, non-aqueous samples. 

3.2 OU-2 PHASE II RFI/RI SURFICIAL SOIL DATA 

Technical Memorandum 1 to the Final Phase I I  RFI/RI Work Plan (Alluvial) provided the scope of the 
surface soil sampling program. The program planned samples over a grid covering approximately 800 
acres. The State of Colorado requires special techniques for construction on lands with plutonium- 
2391240 concentrations greater than 0.9 pCi/g of dry soil. To evaluate the soil-plutonium-239/240 values 
relative to this guideline, the CDH sampling method was employed. However, CDPHE (formerly CDH) 
has subsequently stated that the standard does not apply to the Rocky Flats site. The CDH sampling 
protocol required 25 samples to be composited within a 1 O-acre area for analysis. Because of the large 



concentrations in soil-plutonium-239/240 near the source, a 2.5-acre grid was sampled immediately east 
of the 903 Pad and around the East Trenches area. 

The Work Plan proposed 124 plots for sampling using the CDH method. Eighty-four 4.05-ha plots and 
thirty-four 1.01 -ha plots were sampled for a total of 11 8 plots. Plots 2, 8, and 9 were not sampled 
because they were covered with structures and/or pavement. Plots 7, 14, 17, and 18 were not sampled 
because the plots were inside the Protected Area, where the surface is highly disturbed. Plot 0 was 
added during the field implementation stage. 

The Quality Assurance Addendum, QAA 2., to the Rocky Flats Plant Site-Wide QA Project Plan for 
CERCLA RVRS and RCRA RFI/RI/CMS Activities for Operable Unit No.2 (Alluvial), 903 Pad, Mound, 
and East Trenches Area Phase I1 RFVRI, August 1991 provided the data quality objects and sampling 
program for the surficial soils sampling program. The analysis program include Plutonium-239/240, 
Americium-241, and Uranium-233/234, Uranium-235, and Uranium-238. 

The OU2 Work Plan did not propose the RFP sampling method. It appears that the sampling program 
was added later to determine if sampling methods impacted RFVRI conclusions on radionuclide (activity) 
areal distributions. 

Litaor (unpublished) states: “During the initial phase of the field work for OU 2, it became evident that 
using the CDPHE sampler for the stated objective may be difficult to implement. The CDPHE sampler 
collects only the top 0.64 cm of the soil. This minimal sampling depth exhibited two serious problems; 
( I )  it was difficult to assess the exact boundary between the impacted soil surface and the litter layer 
accumulated above, and (2) the soils within the RFETS have been undisturbed for the last 30 years, 
which facilitafed eolian accumulation and soil development with little or no surface erosion. This 
phenomenon may comprise the main objective of the study to provide a reliable spatial distribution of 
PU-239+240 in the soil environment around RFETS. Hence, a comparative study was conducted to 
assess actinide activity using the CDPHE and the Rocky Flats (RF) sampling techniques. ” 

Litaor applied the Wilcoxon Signed Rank test to compare the two sampling techniques and states: 

“The WSR is a non-parametric test because it uses the ranks of the data as opposed to data 
themselves. Two statistical tests were conducted. In the first test the PU-239+240 activities in the 
entire data set of 167 RF samples were compared against the 167 CDPHE samples collected from the 
same plots. There was no significant differences at the 95-percent confidence level between the two 
sampling procedures. Because Pu-239+240 activity in soil changed significantJy with distance and 
direction from the former storage site, a distance-dependent data design was developed. There were no 
significant differences between the two sampling procedures in most distance classes. The findings of 
this comparative study suggest that for the purpose of ecological risk assessment, the soil sampling 
technique has little effect on the outcome of the analysis. ” 

The RFP method was used to sample the 11 8 locations where CDH samples were collected. However, 
only data for only 106 locations were downloaded from RFEDS. Plutonium-239/240 and americium were 
analyzed. The OU2 QAA states that uranium isotopes would be performed on surface soil samples 
Eight duplicate samples and six rinsate samples were collected. No results for samples collected using 
the RFP method are presented in OU2 Phase I I  report. 

The OU2 QAA provided the data quality objects and sampling program for the surficial soils sampling 
program. These samples were collected in support of the OU2 Phase I I  RFI/RI, with required 
conformance to the QAA requirements set forth in the OU2 QAA. The QAA requirements have been 
previously provided in the CDH method section. 



3.3 SOIL PROFILE DATA 

The OU2 Work Plan proposed the excavation of 26 pits, 1.5 meter long, 1.9 meter wide and 1 .O meter 
deep, in order to access the vertical migration of plutonium-239/240 and americium-241 in soils east and 
south of the RFETS. Surface soil samples from the 26 soil profiles were planned using a modified trench 
method (Harley, 1972). Ten samples were collected over 3 centimeter intervals, beginning at the 
deepest block in the excavation. The samples were collected using a stainless steel scoop and template 
(3 centimeters x 20 centimeters) which were pressed into the wall of the excavation. Three samples 
from each depth were consolidated to provide a better representation of the site. 

The Work Plan described studies of physicochemical association of plutonium and americium in soils 
east of the 903 Pad using a sequential extraction methodology. The soils were to be extracted into four 
major physicochemical fractions; carbonates, organics, sequioxides, and residuals. However, the Work 
Plan also stated that spikes of plutonium-237 were added to soil samples before each extraction step to 
evaluate possible readsorption. If serious postextraction readsorption (1 5%) took place, the sequential 
extraction process would not be performed and samples collected from Trenches 1 to 5 would be 
analyzed for total plutonium-239/240 and americium. The Phase I I  RFI/RI Report did not provide results 
of the plutonium-237 spikes. In addition, the report stated that digestion of samples was completed by 
microwave, therefore RFEDS results downloaded represent total radionuclide activity. Sequential 
extractions were not performed. 

The OU2 QAA 2 provided the data quality objectives and sampling program for surficial soils sampling. 
These samples were collected in support of the OU2 Phase II RFI/RI and were required to conform to 
the QAA requirements set forth in the OU2 QAA. 

4.0 RESULTS 

The data sets from which this report were drawn consist of the following individual files, evaluated on 
Excel spreadsheets downloaded from the RFEDS, and queried based on project identifiers and three- 
dimensional locations of samples. 

4.1 PRECISION 

Use of field duplicates is the primary method of evaluation for overall precision of the radiochemistry 
process. One field duplicate collected for 20 real samples, or one per sampling event, whichever was 
more frequent, was the DQO of interest for evaluation of precision. Although several of the overall 
precision compliance numbers were below the typical data quality objectives of 40% (relative percent 
difference), all but one of the noncompliant values resulted exclusively from samples with very low 
absolute differences between QC and real samples radioactive levels (<7 pCi/g difference). Such 
discrepancies in reproducibility (239,240Pu for the example cited) are two orders of magnitude less than the 
respective Tier 1 action levels. Therefore, overall radiochemistry values for precision, or reproducibility - 
-which encompass both laboratory and field variability -- are satisfactory for the data sets reviewed. 
Recall that "overall" precision includes variability within the labs radiochemistry measurement process 
as well as that inherent within the field sampling's standard operating procedures and decontamination 
protocols. The one exception to this general conclusion is considered, qualitatively, as an outlier, where 
the delta value was -1 0.6 nCi/g. 

It should be noted for future radionuclide sampling/analysis that a DQO of 40% RPD for overall project 
precision is ambitious (Le., unrealistic for 100% compliance), due to the typically low levels of 
radionuclides found in environmental samples. Further, the DQO was based on standard analytical 
chemistry methods -- organics and inorganics -- at the outsets of the cited projects, and was simply 



adapted to radiochemistry out 
sampling/analysis process. ‘Two values that exceeded a 7 pCi/g delta (discussed above) were from 
samples with significant “hits”, but as such, were within the DQO of <40%RPD. 

Anaiyte Medium Required Totai Real Total Number of OvgralI 1 

RPD Value Samples Duplicates Duplicates Prec&on 
Collected Collected within RPD Complhnce . 

Observations on precision are discussed below , by project. 

Pu-2391240 
Am-241 

U-2341235 
U-235 
U-238 

4.1.1 OU-I PHASE I l l  RFI/RI SURFlClAL SOIL DATA 

Soil - < 40% 118 7 6 86% 
Soil - < 40% 118 7 7 100% 
Soil - < 40% 118 4 3 75% 

Soil - < 40% 118 4 4 100% 
Soil - < 40% 118 4 2 50% 

The data quality objective for field duplicate samples was 140% RPD for homogenous, non-aqueous 
samples. Summary results are provided below, while absolute and delta value are shown in Table 4-1, 
where values are sorted by the absolute difference (“DELTA‘) in results and in descending order. 

OU1 Phase 111 RFI/RI - Modified RFP Sampling Method 
Duplicate Sample Results 

I I I I I I .. - 
Am-241 I Soil < 40% I 34 I 4 1 I 7.5% 

I U-2341235 I Soil 

U-238 Soil - < 40% 34 4 3 75% 

Overall, the RPD of less than or equal to 40% for duplicate samples was met for 70% of the duplicates 
collected. Sample results validated as rejected were not included in the evaluation. Based on the work 
plan, over 85% of the duplicates should have met the established DQO for precision. 

4.1.2 OU-2 PHASE I I  RFI/RI SURFlClAL SOIL DATA 

The data quality objective for field duplicate samples was 140% RPD for homogenous, non-aqueous 
samples (OU-2 QAA). Summary results are provided below, while absolute and delta value are shown 
in Table 4-2 (CDH-method) and Table 4-3 (RFP-method), where values are sorted by the absolute 
difference (“DELTA’) and in descending order. 

OU2 Phase II RFI/RI - CDH Sampling Method 
Duplicate Results 
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Overall, the RPD of less than or equal to 40% for duplicate samples was met for 85% of the duplicates 
collected by the CDH method. Uranium isotopic results for duplicate samples from plots 58, 106, and 
116 were not located in RFEDS. 

PU-239 
Am-241 

U-233/234 
U-235 
U-238 

OU2 Phase I I  RFI/RI - RFP Sampling Method 

Duplicate Results / .- 

Soil - < 40% 258 10 6 60% 
Soil - < 40% 257 10 3 30% 
Soil - < 40% 268 10 7 70% 

Soit < 40% 268 10 8 80% 
Soil - < 40% 266 10 1 10% 

QNQC sample collection requirements were met for both plutonium-239/240 and americium 241 in 
support of the RFP sampling program. However, no real sample results could be located for duplicate 
samples collected at Plot PT089 sample number SSOl120ST. Overall, 68% of duplicate sample results 
were within the specified RPD range. At least 85% of all quality control samples were required to comply 
with the established precision, or RPD goals. This evaluation of duplicate sample results indicates that 
the Pu-2391240 and Am-241 values determined from samples collected using the RFP method do not 
meet the minimum requirements of DQOs for precision. 

4.1.3 SOIL PROFILE DATA 

Consistent with the OU-2 Work Plan, the DQO for field duplicate samples was 4 0 %  RPD for 
homogenous, non-aqueous samples. Summary results are provided below, while absolute and delta 
value are shown in Table 4-4, where values are sorted by the absolute difference (“delta) in results and 
in descending order. 

OU2 Phase ll RFI/RI - Soil Profile Program 
Duplicate Results 

QNQC sample collection requirements were not met for radionuclide samples collected in support of this 
program. Fourteen duplicate samples were required to be collected to meet the one duplicate per 
twenty real sample ratio. Duplicate and real sample results validated as. rejected were not incorporated 
into the evaluation. Overall, 50% of duplicate sample results were within the specified RPD range. At 
least 85% of all quality control samples are required to comply with the established precision, or RPD 
goals. 
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4.2 ACCURACY 

In general, accuracy of the radiochemical analyses, for all subsets of samples evaluated, was 
satisfactory based on: 

The percentage of sample results validated; 
The percentage of validated sample results that were acceptable (not rejected); 
Consistency and magnitude of detections limits as compared with RFCA Tier I Action Levels 
(reporting limits were typically 3 to 4 orders of magnitude less than action levels); and 
relatively low to nondetected values of radionuclides in field blank samples (specifically field 
rinsates) associated with the real environmental samples, indicating insignificant bias of real 
samples toward false positive results. 

Reporting limits for radionuclides in water samples (per GRRASP specifications {DOE/EG&G Rocky 
Flats, 1994)) range from 0.01 pCi/L (Pu, Am) to 0.6 pCi/L (U), and were only used qualitatively to 
compare with soil samples, which are measured in different units (pCi/g). 

4.2.1 OU-I PHASE I l l  RFI/RI DATA 

Analytical methods performed on samples were performed utilizing alpha spectroscopy methods as 
outlined in the General Radiochemistry and Routine Analytical Services Protocol (GRRASP, DOE/EG&G 
Rocky Flats, 1994). Methods proposed in OU1 TM5 included EPA analytical methods and additional 
published methods. The reason for the revision in analytical program is not documented.in the OU1 
Phase Ill RFVRI Report. However, the proposed method detection limits and GRRASP (ibid.) detection 
limits are identical. Results tabulated below indicate that actual detection limits were well within 
contractual specifications given to the labs, as well as significantly less than RFCA action levels. 

OU1 Phase 111 RFURI - Soil Sampling Program 
Detection Limits 

Analyte Required 
An a I yti ca 1 
Method' 

PU-239/240 i, j 

Am-241 

GRRASPPartB 1 0.03 1 0.03 I - <0.02 
Alpha Spec 

GRRASP Part B 0.02 0.02 - c0.014 
Alpha Spec 

Aloha Soec 
GRRASP Part B 0.3 0.3 - <0.060 

GRRASPPartB I 0.3 0.3 I (0.053 
Alpha Spec 

GRRASP Part B 0.3 0.3 - <0.050 
AlohaSoec I I I 

a. 

c. 

Harley, J.H., ed., 1975. HASL Procedures Manual, HASL-300: Washington, DC, U.S. Energy Research and 
Development Administration. 
U.S. EPA, 1976. Interim Radiochemical Methodology for Drinking Water, Report No. EPA-600/4-75-008. 



d. 

€5 

h. 

1. 

j. 

k. 

Am-24 1 

U.S. EPA, 1979. Radiochemical Analytical Procedures for Analysis of Environmental Samples, Report No. 
EMSL-LY-0539- 1, Las Vegas, NV. U.S. Environmental Protection Agency. Cincinnati, OH. U.S. 
Environmental Protection Agency. 
“Methods for Determination of Radioactive Substance in Water and Fluvial Sediment”, U.S.G.S. Book A5, 
1977. 
U.S. EPA, 1979. Acid Dissolution Method €or the Analysis of Plutonium-Plutonium-239/240 in Soils. EPA- 
600/7-79-08 1. U.S. EPA Environmental Monitoring and Support Laboratory, Las Vegas, NV. 
Essington, E.H., Drennon, B.J., Private Conversation. Procedures for the Isolation of Alpha 
Spectrometrically Pure Plutonium-Plutonium-239/240, Uranium, and Americium. Los Alamos National 
Laboratories. 
Rocky Flats Plant. Health, Safety, and Environmental Laboratories. Isolation of Plutonium-239/240 from 
Urine Samples. 
U.S. EPA. EPA-570/9-8 1-002, Radioactivity in Drinking Water. 

Alpha Spec 

Abha SDec 
i, 1, P, q, s GRRASP Part B 0.01 0.02 - <0.287 

Blank samples associated with the real samples must also be evaluated to determine if accuracy was 
affected (biased toward false positives) by cross-contamination during sampling or shipment; 
specifically, rinsate samples were used for this purpose. Although magnitudes of radioactivity can only 
be compared indirectly between the rinsate results and the real (soil) sample results -- due to different 
matrix types -- results indicate only very low levels of activity (<0.2pCi/L), well within the overall precision 
of the soil sample measurements. Therefore, no significant cross-contamination is evident, from 
decontamination procedures or otherwise, which would bias the real sample results toward false positive 
values. Results of rinsates, sorted from highest to lowest values, are given in Table 4-5. 

U-233/234 

U-235 

U-238 

4.2.2 OU-2 PHASE I I  RFI/RI DATA 

f, h, i, I ,  m, n, s GRRASP Part B 0.06 0.3 - ~ 0 . 0 7 7  

f, h, i, I, m, n, s GRRASP Part B 0.06 0.3 - <0.300 

f, h, i, I, m, n, s GRRASP Part B 0.06 0.3 - <0.300 

Alpha Spec 

Alpha Spec 

Alpha Spec 

The OU2 QAA identified EPA and other published laboratory methods for the determination of 
radionuclides in surface soil samples. The samples were analyzed utilizing alpha spectroscopy 
according to the General Radiochemistry and Routine Analytical Services Protocol (GRRASP, 1991) . 
The GRRASP method has identical detection limits (0.03 pCi/g) for plutonium-239/240 and a slightly 
higher detection limit (0.02 pCi/g) for americium-241. GRRASP detection limits for uranium isotopes are 
one order of magnitude higher (0.3 pCi/g) than proposed (0.06 pCi/g) but are acceptable for the 
determination of spatial extent of contamination at the RFETS. Results tabulated below indicate that 
detection limits are at or below those required in the GRRASP, with the exception of plutonium and 
americium; however, exceedances of this magnitude are insignificant relative to RFCA cleanup levels. 

OU2 Phase II RFllRl - CDH Sampling Method 
Detection Limits 





f U.S. EPA, 1979. Radiochemical Analytical Procedures for Analysis of Environmental Samples, 
Report No. EMSL-LY-0539-1, Las Vegas, NV. U.S. Environmental Protection Agency. 

h U.S. EPA, 1976. Interim Radiochemical Methodology for Drinking Water, Report No. EPA-600/4-75- 
008. Cincinnati, OH. U.S. Environmental Protection Agency. 

i Harley, J.H., ed., 1975. ASL Procedures Manual, HASL-300: Washington, DC, U.S. Energy 
Research and Development Administration. 

I U.S. EPA, August 1980. Prescribed Procedures for Measurement of Radioactivity in Drinking Water. 
Environmental Monitoring and Support Laboratory. Office of Research and Development. 

m U.S. Geological Survey, 1977. Book 5. Methods for Determination of Radioactive Substances in 
Water and Fluvial Sediments. 

n U.S. EPA, 1979. Acid Dissolution Method for the Analysis of Plutonium-Plutonium-239/240 in Soils. 
EPA-600/7-79-081. U.S. EPA Environmental Monitoring and Support Laboratory, Las Vegas, NV. 

o Essington, E.H., Drennon, B.J., Private Conversation. Procedures for the Isolation of Alpha 
Spectrometrically Pure Plutonium-Plutonium-239/240, Uranium, and Americium. Los Alamos 
National Laboratories. 

p Rocky Flats Plant. Health, Safety, and Environmental Laboratories. Isolation of Plutonium- 
Plutonium-239/240 from Urine Samples. 

q U.S. EPA. EPA-57019-81-002, Radioactivity in Drinking Water. 
s U.S. EPA, 1987. EPA-52015-84-006. Eastern Environmental Radiation Facility Radiochemistry 

Procedures Manual. 

The OU2 QAA states that equipment rinsate blanks are considered acceptable if the concentration of the 
analytes of interest is less than three times the required detection limit for the analyte. However, this 
strategy is not consistent with the Risk Assessment Guidance for Superfund (RAGS, 1989). RAGS 
states that if the contaminant is not a common laboratory contaminant then “consider site sample results 
as positive only if the concentration of the chemical in the site sample exceeds five times the maximum 
amount detected in any blank. ”. Rinsate samples were evaluated according to the RAGS guidance for 
this effort. 

Analytical methods performed on samples collected utilizing the CDH method were performed utilizing 
alpha spectroscopy methods as outlined in the General Radiochemistry and Routine Analytical Services 
Protocol (GRRASP). Methods proposed in the OU2 QAA included EPA analytical methods and 
additional published methods. The reason for the revision in analytical program is not documented in the 
OU2 Phase I I  RFI/RI Report. Based on validation percentages and reporting limits, the various 
radiochemistry methods are comparable. 

Blank samples associated with the real samples were also evaluated to determine if accuracy was 
affected (biased toward false positives) by cross-contamination during sampling or shipment; 
specifically, rinsate samples were used for this purpose. Although magnitudes of radioactivity can only 
be compared indirectly between the rinsate results and the real (soil) sample results -- due to different 
matrix types -- rinsate results indicate only very low levels of activity (<0.14pCi/L), well within the overall 
precision of the soil sample measurements. Therefore, no significant cross-contamination is evident, 
from decontamination procedures or otherwise, which would bias the real sample results toward false 
positive values. Results of rinsates, sorted from highest to lowest values, are given in Table 4-6. 

Although not specified in the OU2 Work Plan the surface soils collected by the RFP method in support of 
the Phase I I  RFI/RI are required to follow the protocols identified in the OU2 QAA. 

Sample analyses was performed according to the GRRASP. The GRRASP detection limits for Pu and 
Am-241 are similar to the detection limits proposed in the OU2 Work Plan and considered acceptable 
analytical methods. Results tabulated below indicate that detection limits exceed those required in the 
GRRASP; however, exceedances of this magnitude are insignificant relative to RFCA cleanup levels (2 
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orders of magnitude less than Tier I action levels). 

Am-241 

OU2 Phase I1 RFIlRl - RFP Sampling Method 
Detection Limits 

Alpha Spec 

Alpha Spec 
i, I ,  p, q, s GRRASP Part B, 0.01 0.02 - <5.7290 

Pu-239/240 

Am-24 1 

U-23 3/23 4 

U-235 

U-23 8 

Blank samples associated with the real samples must also be evaluated to determine if accuracy was 
affected (biased toward false positives) by cross-contamination during sampling or shipment; specifically, 
rinsate samples were used for this purpose. Although magnitudes of radioactivity can only be compared 
indirectly between the rinsate results and the real (soil) sample results -- due to different matrix types -- 
rinsate results indicate only very low levels of activity (<0.?2pCiIL), well within the overall precision of the 
soil sample measurements. Therefore, no significant cross-contamination is evident, from 
decontamination procedures or otherwise, which would bias the real sample results toward false positive 
values. Results of rinsates, sorted from highest to lowest values, are given in Table 4-7. 

i, 1, 0,  P, s GRRASP Part B 0.03 0.03 - <2.000 
Alpha Spec 

Alpha Spec 

Alpha Spec 

Alpha Spec 

Alpha Spec 

i, 1, P, q, s GRRASP Part B 0.01 0.02 - <3.000 

f, h, i, 1, in, 11, s GRRASP Part B 0.06 0.3 - <1.860 

f, h, i, 1, m, n, s GRRASP Part B 0.06 0.3 - <0.945 

f, 11, i, 1, in, n, s GRRASP Part B 0.06 0.3 - < 1.320 

4.2.3 SOIL PROFILE DATA 

Analytical methods performed on samples collected utilizing under the trench program were performed 
utilizing alpha spectroscopy methods as outlined in the General Radiochemistry and Routine Analytical 
Services Protocol (GRRASP). Methods proposed in the OU2 QAA included EPA analytical methods and 
additional published methods. The reason for the revision in analytical program is not documented in the 
OU2 Phase I I  RFI/RI Report. Results tabulated below indicate that detection limits exceed those required 
in the GRRASP; however, exceedances of this magnitude are insignificant relative to RFCA cleanup 
levels (2 orders of magnitude less than Tier I actbn levels). 

OU2 Phase II RFllRl - Soil Profile Sampling Program 
Detection Limits 



Table 4-7. 

SURFICAL SOILS 
RINSATE RESULTS 

RFP-METHOD (OU-2) 

RNS SS00774STU2 14-OCT-91 
RNS SS00808STU2 27-NOV-91 
RNS SS00808STU2 27-NOV-91 
RNS SS00803STU2 27-NOV-91 
RNS SS00803STU2 27-NOV-91 
RNS SS00803STU2 27-NOV-91 
RNS SS00762STU2 1 1 -0CT-91 
RNS SS00762STU2 11-OCT-91 
RNS SS00738STU2 08-OCT-91 
RNS SS00738STU2 08-OCT-91 
RNS SSOl141ST 11-NOV-92 
RNS SS01141ST 11-NOV-92 
RNS SSOl136ST 11-NOV-92 
RNS SSOl136ST 1 1 -NOW92 
RNS SS00750STU2 10-OCT-91 
RNS SS00750STU2 10-OCT-91 

AM-241 
Plutonium 239/240 
Americium 241 
Plutonium 2391240 
Americium 241 
Americium 241 
Plutonium 239/240 
AM-241 
P U-239,240 
AM-241 
PU239/40 
AM-241 
Am-24 1 
Pu-239140 
AM-241 
P U-239.240 

0.0030 PCVL 
0.1200 PCI/L 
0.0430 PCI/L 
0.0650 PCllL 
0.0120 PCI/L 
0.0090 PCI/L 
0.0010 PCI/L 

-0.0020 PCI/L 
0.0420 PCI/L 
0.0190 PCI/L 
0.0033 PCVL 
0.0027 PCI/L 
0.0024 PCVL 
0.0000 PCllL 
0.0050 PCVL 
0.0020 PCllL 

A 
A 
V 
A 
V 
V 
V 
A 
V 
V 
A 
A 
A 
A 
V 
V - 

7/31/97 
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U.S. EPA, 1979. Radiochemical Analytical Procedures for Analysis of Environmental Samples, Report No. 
EMSL-LY-0539-1, Las Vegas, NV. U.S. Environmental Protection Agency. 
U.S. EPA, 1976. Interim Radiochemical Methodology for Drinking Water, Report No. EPA-600/4-75-008. 
Cincinnati, OH. U.S. Environmental Protection Agency. 
Harley, J.H., ed., 1975. ASL Procedures Manual, HASL-300: Washington, DC, US .  Energy Research and 
Development Administration. 
U.S. EPA, August 1980. Prescribed Procedures for Measurement of Radioactivity in Drinking Water. 
Environmental Monitoring and Support Laboratory. Office of Research and Development. 
U.S. Geological Survey, 1977. Book 5. Methods for Determination of Radioactive Substances in Water and 
Fluvial Sediments. 
U.S. EPA, 1979. Acid Dissolution Method for the Analysis of Plutonium-Plutonium-239/240 in Soils. EPA- 
600/7-79-081. U.S. EPA Environmental Monitoring and Support Laboratory, Las Vegas, NV. 
Essington, E.H., Drennon, B.J., Private Conversation. Procedures for the Isolation of Alpha Spectrometrically 
Pure Plutonium-Plutonium-239/240, Uranium, and Americium. Los Alamos National Laboratories. 

Rocky Flats Plant. Health, Safety, and Environmental Laboratories. Isolation of Plutonium-Plutonium-239/240 
from Urine Samples. 
U.S. EPA. EPA-570/9-8 1-002, Radioactivity in Drinking Water. 
U.S. EPA, 1987. EPA-520/5-84-006. Eastern Environmental Radiation Facility Radiochemistry Procedures 
Manual. 

Blank samples associated with the real samples must also be evaluated to determine if accuracy 
was affected (biased toward false positives) by cross-contamination during sampling or shipment; 
specifically, rinsate samples were used for this purpose. Although magnitudes of radioactivity can 
only be compared indirectly between the rinsate results and the real (soil) sample results -- due to 
different matrix types -- results indicate only very low levels of activity ('1 pCi/L), well within the 
overall precision of the soil sample measurements. Therefore, no significant cross-contamination 
is evident, from decontamination procedures or otherwise, which would bias the real sample 
results toward false positive values. Results of rinsates, sorted from highest to lowest values, are 
given in Table 4-8. 

4.3 COMPLETENESS 

Completeness relative to previous work plan specifications was adequate. Completeness relative 
to the prospective OU-2 surficial soil remediation is indeterminate with this evaluation, and can 
only be determined when the "historical" data reviewed herein are compared with specific 
remediation objectives. 

4.3.1 OU-I PHASE Ill RFI/RI DATA 

The data was downloaded from the RFEDS and was determined to be 72 percent validated prior 
to evaluating for usability according to this procedure. 

4.3.1.1 REAL SAMPLES 

A total of 34 surface soil samples were collected at 28 of the proposed 28 plots. The 
radiochemical analyses include gross alpha, gross beta, plutonium-239/240, americium-241, 
uranium-233/234, uranium-235, uranium-238, radium-226, and radium 228. As previously stated 
only results from the analysis of plutonium-239/240, americium-241, uranium-233/234, uranium- 
235, and uranium-238 will be evaluated. 



Table 4-8. 
TRENCH/PIT 

SURFlClAL SOILS 
RINSATE RESULTS 

TR00382WCU2 
TR00033WCU2 
TR00033 WCU2 
TR00334WCU2 
TR00063WCU2 
TR00368WCU2 
TR00357WCU2 
TR00382WCU2 
TR00357WCU2 
TR00368 WCU2 
TR00392WCU2 
TR00405WCU2 
TR00063WCU2 
TR00317WCU2 
TR00268 WCU2 
TR00368WCU2 
TR00334WCU2 
TR00392WCU2 
TR00217WCU2 
TR00063WCU2 
TR00368WCU2 
TROOI 65WCU2 
TR00033WCU2 
TR00357WCU2 
TR00149WCU2 
TR00149WCU2 
TROOI 82WCU2 
TR00382WCU2 
TR00165WCU2 
TR00033WCU2 
TR00234WCU2 
TR00301 WCU2 
TR00405WCU2 
TR00334WCU2 
TR00063WCU2 
TROOl65WCU2 
TR00165WCU2 
TR00368 WCU2 
TR00285WCU2 
TR00217WCU2 

27-JUL-92 
27-JUL-92 
20-AUG-91 
20-AUG-91 
10-OCT-91 
22-AU G-9 1 
13-JUL-92 
08-JUN-92 
27-JUL-92 
08-JUN-92 
13-JUL-92 
29-JUL-92 
10-AUG-92 
22-AUG-91 
09-OCT-91 
25-SEP-91 
13-JUL-92 
10-OCT-91 
29-JUL-92 
19-SEP-91 
22-AUG-91 
13-JUL-92 
05-SEP-91 
20-AUG-91 
08-JUN-92 
04-SEP-91 
04-SEP-91 
12-SEP-91 
27-JUL-92 
05-SEP-91 
20-AUG-91 
23-SEP-91 
08-OCT-91 
10-AUG-92 
10-OCT-91 
22-AUG-91 
05-SEP-91 
05-SEP-91 
13-JUL-92 
26-SEP-91 
19-SEP-91 

U-233,-234 
U-238DA 
PU239/40 
AM241 
PU239/40 
P U23 9/240 
U-233,-234 
U-235 
U-235 
U-238DA 
U-238DA 

PU239/40 
AM241 

U-233,-234 

U-233,-234 
U-233,-234 
PU239/40 
AM-241 
U-238DA 
U-238DA 
U-233,-234 
U-235 
U238 
U-233,-234 
U-233,-234 
U-233,-234 
U-238DA 
U-233,-234 
PU239/40 
Americium 2 
U-238 
U-233,-234 
PU239/40 
AM-241 
U-238DA 
U238 

Plutonium 2 

PU239/40 

U-233,-234 

AM-241 

U-233,-234 

0.8600 PCI/L 
0.6800 PCVL 
0.6400 PCI/L 
0.6087 PCI/L 
0.5300 PCVL 
0.4500 PCI/L 
0.3300 PCllL 
0.3090 PCVL 
0.2330 PCI/L 
0.2123 PCI/L 
0,1912 PCI/L 
0.1900 PCVL 
0.1700 PCI/L 
0.1679 PCI/L 
0.1475 PCI/L 
0.1400 PCUL 
0.1382 PCI/L 
0.1207 PCVL 
0.1135 PCI/L 
0.1 100 PCI/L 
0.0966 PCVL 
0.0952 PCVL 
0.0900 PCI/L 
0.0750 PCVL 
0.0732 PCI/L 
0.0732 PCI/L 
0.0699 PCI/L 
0.0520 PCI/L 
0.0514 PCVL 
0.0500 PCVL 
0.0477 PCVL 
0.0459 PCI/L 
0.0440 PCI/L 
0.0406 PCUL 
0.0400 PCI/L 
0.0381 PCI/L 
0.0242 PCVL 
0.0220 PCI/L 
0.0208 PCI/L 

JA 

v 

A 
A 
A 
JA 
JA 
A 
A 

v 
A 
A 
v 
JA 
A 

A 

A 
A 
A 
A 
A 

A 
A 
A 
v 

A 
A 

0.02061PCI/L IA 

1 o f2  713 1 /97 



Table 4-8. 
TRENCH/PIT 

SURFlClAL SOILS 
RINSATE RESULTS 

TR12 
TR03 
TR19 
TRIO 

TR09 
r ~ 2 5  

r ~ 2 6  
r ~ o 3  
r ~ o 4  
r ~ o 7  

T R O ~  

T R O ~  

r ~ o 7  

~ ~ 2 4  
~ ~ 2 5  

r ~ 2 4  
r ~ 2 5  

r ~ 2 6  
r ~ 2 6  
T R O ~  
r ~ o 4  
r ~ o 7  
T R O ~  
T R O ~  

TRIO 
TR14 

TR12 

TR11 

TR19 

TR14 

rROl 
TR19 

TR09 
TR09 
TRIO 
TR12 
TR14 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
iiNS 
RNS 
RNS 
RNS 
?NS 
?NS 
3NS 
?NS 
?NS 
?NS 
?NS 

TR00392WCU2 
TROOI 49WCU2 
TROOI 82WCU2 
TR00234WCU2 
TR00301 WCU2 
TR00217WCU2 
TR00392WCU2 
TR00423WCU2 
TR00317WCU2 
TROOI82WCU2 
TR00250WCU2 
TR00423 WCU2 
TR00268WCU2 
TR00382WCU2 
TR00285WCU2 
TR00317WCU2 
TROOI 49WCU2 
TR00198WCU2 
TR00234WCU2 
TR00250WCU2 
TROOl98WCU2 
TR00234 WCU2 
TR00357WCU2 
TROOl49WCU2 
TR00217WCU2 
TR00217WCU2 
TR00392WCU2 
TR00423WCU2 
r ~ o o 3 1 7 w c u 2  
r ~ o o 3 - 1 7 ~ ~ ~ 2  

r ~ o o 3 0 1  w c u 2  
~ R O O ~ O I  w c u 2  

TR00334WCU2 
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Results for 34 “real” samples were downloaded Rom RFEDS for plutonium-239/240, indicating 
that 6 sites were sample twice. No samples exceeded the detection limit of 0.03 pCi/g. No 
plutonium-239/240 sample results were validated as rejected results. A plutonium-239/240 value 
was determined acceptable for each sample collected at all 28 plots (100%). The lower plutonium 
value for the plots with two results should be excluded for the usable data set. 

Results for 34 “real” samples for americium-241 were provided from RFEDS, indicating that 6 plots 
were sampled twice. No samples exceed the detection limit of 0.02 pCi/g for americium. Six 
sample results were validated as rejected results. Acceptable results for americium-241 are 
available for 24 of the 28 plots sampled (86%). The rejected results and lower americium value for 
the plots with two results should be excluded for the usable data set. 

Results for 34 “real” samples for uranium-233/234, uranium-235, and uranium-238 were provided 
from RFEDS, indicating that 6 plots were sampled twice. No samples exceeded the detection limit 
of 0.3 pCi/g. No sample results were validated as rejected. Therefore, acceptable results for 
uranium isotopes are available for 28 of the 28 plots sampled (100%). The lower uranium value 
for the plots with two results should be excluded for the usable data set. 

TM5 proposed the collection of surface soil samples at 28 plots for radiochemical analyses to 
include plutonium-239/240, americium-241, uranium-233/234, -235, and -238 for a total of 140 
sample results. Validated data was provided for a total of 136 samples for 97% completion. TM5 
states that the target completeness objective for both field and analytical data for this project are 
90%. 

4.3.1.2 QC SAMPLES 

Overall, 95% of the required QNQC analyses provided acceptable results. 

A total of 4 duplicates were collected and analyzed for plutonium-239/240, americium 24, and 
uranium isotopes in support of the sampling program. These samples met the frequency 
requirements of 1 in 20 as required by the QNQC section of TM5. Of the samples analyzed for 
plutonium-239/240, no analyses exceeded the detection limit of 0.03 pCi/g and no plutonium- 
239/240 sample results were validated as rejected. The samples were analyzed for americium, 
no analyses exceed the detection limit of 0.02 pCi/g. However, three samples were validated as 
rejected. These samples were not utilized in the calculation of the RPD. 

Four (4) duplicate samples were submitted to the laboratories for the analysis of uranium 
isotopes, this frequency meets the requirements of the QAA. However, one of the sample results 
were validated as rejected for all uranium isotopes analyzed. Overall with 24 plots being sampled, 
the QAA requires the collection of 2 duplicate samples for a total of 10 analyses (Pu, Am, U- 
isotopes). Thirteen results were acceptable for a +I 00% completion percentage. 

With 28 plots being sampled, the QAA requires the collection of 2 duplicate samples for a total of 
10 analyses. Fifteen results were acceptable for +I 00% completion percentage. 

A total of 2 rinsate samples were required to be collected and analyzed for a total of 10 analyses. 
One americium result was validated as rejected. Nine results were considered acceptable for this 
sampling program. Therefore, a total of ~ 9 0 %  of the required rinsate data was completed. 



4.3.2 OU-2 PHASE I 1  RFI/RI SURFACE SOIL DATA 

4.3.2.1 CDH Samplinq Method 

The data was downloaded from the RFEDS and was determined to be 98.7 percent validated 
prior to evaluating for usability according to this procedure. Seventy-five results were validated as 
rejected and were excluded as usable data. 

. 

4.3.2.1.1 Real Samples 

The OU2 Work Plan proposed the collection of surface soil samples at 124 plots for radiochemical 
analyses to include plutonium-239/240, americium-241, uranium-2331234, -235, and -238 for a 
total of 620 sample results. Validated data was provided for a total of 585 samples for 94% 
completion overall. The OU2 QAA states that the target completeness objective for both field and 
analytical data for this project are 90%. 

A total of 11 8 surface soil samples were collected at 118 of the proposed 124 plots for 
radiochemical analyses to include plutonium-2391240, americium-241, uranium-233/234, -235, 
and -238. 

Results for 140 “real” samples were downloaded from RFEDS for plutonium-239/240, indicating 
that 22 samples were reanalyzed. Twelve samples exceeded the detection limit of 0.03 pCi/g. 
However all results of these samples were above the detection limit and are consider acceptable 
for the determination of spatial extent of contamination. Eleven plutonium-239/240 sample results 
were validated as rejected results, however, these samples were reanalyzed and results were 
validated. A plutonium-239/240 value was determined acceptable for each sample collected at all 
118 plots (100% complete). 

Results for 140 “real” samples for americium-241were provided from RFEDS, indicating that 22 
samples were reanalyzed. Fifteen (1 5) samples exceed the detection limit of 0.02 pCi/g for 
americium. These sample results were above the detection limits and are considered acceptable. 
Twelve sample results were validated as rejected results, however 11 of the samples were 
reanalyzed and results were validated. Sample SSOOO45WCU2 for Plot PT081 was validated as 
rejected and was not reanalyzed. Therefore, acceptable results for americium-241 are available 
for 1 17 of the 1 18 plots sampled (99% complete). 

Results for 142 “real” samples for uranium-233/234 were provided from RFEDS, indicating that 24 
samples were reanalyzed. One samples exceeded the detection limit of 0.3 pCi/g. The result was 
higher than the detection limit but the result was validated as rejected. A total of 12 uranium- 
2331234 sample results were validated as rejected, however, eleven were reanalyzed and the 
results were acceptable. Sample SSOOO28WCU2 at Plot PTIOO was validated as rejected and 
not reanalyzed. Therefore, acceptable results for uranium-233/234 are available for 117 of the 
11 8 plots sampled (99% complete). 

Results for 144 “real” samples for uranium-235 were provided from RFEDS, indicating that 26 
samples were reanalyzed. Twelve samples exceed the detection limit of 0.3 pCi/g for uranium- 
235, however, eleven of these samples were reanalyzed and the results were acceptable. 
Sample SSOOO28WCU2 at Plot PTIOO was validated as rejected and not reanalyzed. Therefore, 
acceptable results for uranium-235 are available for 11 7 of the 11 8 plots sampled (99% 
complete). 

Results for 144 “real” samples for uranium-238 were provided from RFEDS, indicating that 26 



samples were reanalyzed. No samples exceed the detection limit of 0.3 pCi1g. One sample 
SSOOO28WCU2 at Plot PTIOO was validated as rejected and not reanalyzed. Therefore, 
acceptable results for uranium238 are available for 117 of the 118 plots sampled (99% 
complete). 

4.3.2.1.2 QC Samples 

General results for precision compliance are discussed in Section 4.1, while rinsate compliance is 
discussed in Section 4.2. Overall, 77% of the required QNQC analyses provided acceptable 
results. 

A total of 7 duplicates were collected and analyzed for plutonium-239/240 and americium 241 in 
support of the CDH sampling program. These samples met the frequency requirements of 1 in 
20 as required by the QAA. Of the samples analyzed for plutonium-2391240, no samples 
exceeded the detection limit of 0.03 pCi/g. Two plutonium-239/240 sample results were validated 
as rejected results and reanalyzed at a different laboratory with results being validated. The 7 
samples were also analyzed for americium, no sample results exceed the detection limit of 0.02 
pCi/g. Two sample results were validated as rejected results and reanalyzed with results being 
acceptable. 

Six (6) duplicate samples were submitted to the laboratories for the analysis of uranium isotopes, 
this frequency meets the requirements of the QAA. However, two of the sample results were 
validated as rejected for all radionuclides analyzed. These two samples were reanalyzed at a 
different laboratory with results being validated. With 118 plots being sampled, the QAA requires 
the collection of 6 duplicate samples for a total of 30 analyses. Twenty-six results were 
acceptable for a 86% completion percentage. 

With 118 plots being sampled, the QAA requires the collection of 6 duplicate samples for a total of 
30 analyses. Twenty-six results were acceptable for a 86% completion percentage. 

A total of 7 rinsates were collected and analyzed for plutonium-239/240 and americium 241 in 
support of the CDH sampling program. These samples met the frequency requirements of 1 in 
20 for rinsate samples as required by the QAA. Of the samples analyzed for plutonium-239/240, 
no samples exceeded the detection limit of 0.03 pCi/g or were rejected. Samples analyzed for 
americium-241 did not exceed the detection limit of 0.02 pCi/g or were rejected. 

Only 2 rinsates samples were analyzed for uranium-233/234, -235, and -238. This frequency did 
not meet the requirements of 1 in 20 for rinsate samples in the QAA. Two analyses for each 
uranium-isotope was performed All analytical results for the isotopes were validated as rejected 
for the first analyses. The samples were reanalyzed with results being validated. 

Of the 11 8 plots proposed for sampling 6 rinsate samples are required to be collected. Of the 6 
samples determination of plutonium-239/240, americium 241, uranium-2331234, -235, and -238 
were to be performed for a total of thirty analyses. Analytical results for rinsate samples were 
acceptable for 18 samples for a completion of 60 percent. 

4.3.2.2 RFP Samplinq Method 

Data downloaded from the RFEDS were determined to be 80 percent validated prior to evaluating 
for usability according to this procedure. The Phase I I  RFI/RI Report states that 118 plots were 
sampled and analyzed; RFEDS provided data for only 106 plots. Uranium isotopes were not 
analyzed for samples collected utilizing the RFP sampling method. 



4.3.2.2.1 Real Samples 

The OU2 RFI/RI does not state the decision driving the investigation. Based on the subsequent 
documentation the data was generated to compare RFP sampling technique with the CDH 
sampling technique. Using these assumptions 103 plots provided plutonium-239/240 results 
which are usable out of 1 18 plots proposed for sampling in support of this program. Sample 
results validated as rejected have been excluded. This represents 87% of the plots proposed for 
sampling (1 18) provided useful data for the sampling comparison study. 
A total of 236 samples were analyzed for this sampling program. Thirty-three results were 
validated as rejected and are not usable. Therefore, a total of 89% of the data is considered 
usable. Overall, 83% of the RFP sampling method data proposed to be collected for the 
comparability study were validated. The OU2 QAA states that the target completeness objective 
for both field and analytical data for this project are 90%. 

Plutonium-239/240 data was available from 106 plots, Plot 28 was resampled, therefore, 107 
samples were provided to the laboratory for analysis. A total of 114 plutonium-241 analyses were 
performed on these samples. Seven samples were reanalyzed. Analyses of 32 plutonium- 
2391240 samples exceeded the detection limit of 0.03 pCi/g. However, all results of these 
samples were above the detection limit and are considered usable for the determination of spatial 
extent of contamination, with the exception of 4 which were validated as rejected. Four plutonium- 
2391240 sample results, previously mentioned, were validated as rejected results. Data from 103 
plots were determined to be validated of the 107 plots in which data was evaluated. However 118 
plots were to be evaluated therefore, 87% of proposed plots generated americium-241 data which 
was validated. 

Americium data was available from 106 plots, Plot 28 was resampled, therefore 107 samples 
were provided to the laboratory for analysis. A total of 174 americium-241 analyses were 
performed on these samples. It appears that 72 samples were reanalyzed. Thirty-two samples 
exceed the detection limit of 0.02 pCi/g for americium. Fourteen of these sample results were 
above the detection limits and are considered usable. Twenty-nine sample results were validated 
as rejected results. Results for 135 analyses were validated from 92 plots. Numerous plots had 
multiple americium-241 “real” results because of sample reanalysis or two separate laboratories 
performing analyses on the same sample. The lower result value was excluded from the 
database leaving one (the highest) americium-241 value for each plot. Ninety-two plots have 
americium-241 results of the 107 plots in which data was evaluated. With an original objective of 
118 plots, 78% of proposed plots generated usable americium-241 data. 

4.3.2.2.2 QC Samples 

A total of 11 duplicates were collected and analyzed for plutonium-239/240 and americium 241 in 
support of the RFP sampling program. These samples met the frequency requirements of 1 in 20 
as required by the QAA. Of the samples analyzed for plutonium-239/240, two samples exceeded 
the detection limit of 0.03 pCi/g. Two samples exceeded the detection limit of 0.02 pCi/g for 
americium. No results were validated as rejected, therefore, a total of 100% of the duplicate 

’ 

sample result data is considered usable. 

A total of 8 rinsates were collected and analyzed for plutonium-239/240 and americium 241 in 
support of the RFP sampling program’s 11 8 locations. These samples met the frequency 
requirements of 1 in 20 for rinsate samples as required by the QAA. Of the samples analyzed for 
plutonium-239/240, no samples exceeded the detection limit of 0.03 pCi/g or were rejected. 
Samples were collected and analyzed for americium-241, no samples exceeded the detection 



limit of 0.02 pCi/g or were rejected 

Of the 11 8 plots proposed for sampling 6 rinsate samples are required to be collected. Of the 6 
samples plutonium-2391240 and americium 241 were planned for a total of twelve analyses. 
Analytical results for rinsate samples were acceptable for 16 analyses for a completion of 100 
percent. 

4.3.3 SOIL PROFILE DATA 

Data were determined to be 97 percent validated. The Phase I I  RFllRl Report states that 26 plots 
were sampled and analyzed, RFEDS provided data for only 25 plots. Samples from Trench 6 
exceeded limitations for transporting to an offsite lab and therefore were not evaluated. 

4.3.3.1 Real Samples 

Overall, 921 sample results provided acceptable data out of 1,300 proposed (5 analyses x 260 
samples) analyses for a 71 % completion. 

Plutonium-239/240 data was available from 25 trenches with 258 samples. A total of 296 
plutonium-239/240 analyses were performed on these samples. Forty samples were reanalyzed. 
Analyses of 15 plutonium-239/240 samples exceeded the detection limit of 0.03 pCi/g of which 6 
of the sample results were validated as rejected. However, results of the remaining samples were 
above the detection limit and were acceptable. A total of 73 results were validated as rejected. 
Plutonium-239/240 data from 224 samples were determined to be validated at 24 of the 26 
trenches in which data was evaluated. Based on 10 samples proposed at each of the 26 trenches, 
86% (2241260) of the plutonium-239/240 data was validated and useable. 

Americium-241 data was available from 25 plots with 257 samples. A total of 301 americium-241 
analyses were performed on these samples. Approximately 44 samples were reanalyzed. Forty- 
two samples exceeded the detection limit of 0.02 pCi/g for americium and 38 of these were 
rejected, leaving four results above detection limits and considered usable. A total of one- 
hundred- nine americium samples results were validated as rejected. Results for 184 analyses 
were validated from 21 trenches. Seventy-one percent (1841260) of the americium data was 
evaluated as acceptable. 

Uranium-233/234 data was available from 25 plots with 258 samples. A total of 268 uranium- 
2331234 analyses were performed on these samples. Approximately 10 samples were 
reanalyzed. Eighteen samples exceeded the detection limit of 0.3 pCilg of which all these results 
were rejected. A total of ninety uranium-233/234 samples results were validated as rejected. 
Results for 171 analyses were validated from 17 trenches. Sixty-six percent (1 71/260) of the 
uranium-233/234 data was evaluated as acceptable. 

Uranium-235 data was available from 25 plots with 258 samples. A total of 268 uranium-235 
analyses were performed on these samples. Approximately 10 samples were reanalyzed. Four 
samples exceeded the detection limit of 0.3 pCi/g of which all these results were rejected. A total 
of ninety-five uranium-235 samples results were validated as rejected. Results for 171 analyses 
were validated from 17 trenches. Sixty-six percent (1 71 /260) of the uranium-235 data was 
evaluated as acceptable. 

Uranium-238 data was available from 25 plots with 258 samples. A total of 268 uranium-238 
analyses were performed on these samples. Approximately 10 samples were reanalyzed. 
Thirteen samples exceeded the detection limit of 0.3 pCi/g of which all these results were 



rejected. A total of ninety-seven uranium-238 samples results were validated as rejected. Results 
for 171 analyses were validated from 17 trenches. Sixty-six percent (171/260) of the uranium-238 
data was evaluated as acceptable. 

4.3.3.2 QC Samples 

Based on the number of samples collected (268) to meet the.one in twenty frequency, fourteen 
samples should have been collected for each analytical method. Five analyses were to be 
performed on each duplicate for a total of 70 analyses. The evaluation indicates that results from 
41 analyses provided acceptable results for 59% (41/70) completion factor. 

Ten duplicate samples were collected in support of the trench project. These samples did not met 
the frequency requirements of 1 in 20 as required by the QAA. Eleven analyses were performed 
for plutonium-239/240. Of the samples analyzed for plutonium-239/240, no analyses exceeded 
the detection limit of 0.03 pCi/g. Two plutonium-239/240 QA/QC sample results were validated as 
rejected results, one sample was reanalyzed and the results were validated. Nine samples 
provided acceptable results. 

Twelve analyses were performed for americium-241, two samples exceeded the detection limit of 
0.02 pCi/g and were validated as rejected. A total of 4 sample results were validated as rejected, 
one sample was reanalyzed with acceptable results. Eight samples provided acceptable results. 

Eleven analyses were performed for uranium-233/234, no samples exceeded the detection limit of 
0.3 pCi/g. A total of 3 sample results were validated as rejected, one sample was reanalyzed 
with acceptable results. Eight samples provided acceptable results. 

Eleven analyses were performed for uranium-235, one sample exceeded the detection limit of 0.3 
pCi/g and was validated as rejected. A total of 3 sample results were validated as rejected. Eight 
samples provided acceptable results. 

Eleven analyses were performed for uranium-238, no samples exceeded the detection limit of 0.3 
pCi/g. A total of 3 sample results were validated as rejected. Eight samples provided acceptable 
results. 

Overall, 75 rinsate analyses provided acceptable results, 14 samples and 70 analyses were 
required to meet the 1 in 20 frequency. Rinsate results were 100% complete. 

A total of 23 rinsates were collected and analyzed for plutonium-239/240, americium 241 and 
uranium isotopes in support of the trench sampling program. These samples met the frequency 
requirements of 1 in 20 for rinsate samples as required by the QAA. Of the samples analyzed for 
plutonium-239/240, four samples exceeded the detection limit of 0.03 pCilg, of which two were 
validated as rejected. A total of three samples results were validated as rejected. One sample 
result which was not validated had a result lower than the detection limit and was excluded from 
the evaluation. Analyses of nineteen samples provided acceptable results 

Samples were collected and analyzed for americium-241; nine samples exceed the detection limit 
of 0.02 pCi/g of which three were validated as rejected. These were the only sample results 
validated as rejected. Analyses of twenty samples provided acceptable results for americium-241. 

Twenty-three samples were collected and twenty-five analyses were performed for uranium-235. 
Three samples exceeded the detection limit of 0.3 pCi/g of which none were validated as rejected. 
A total of six results were validated as rejected, providing nineteen sample results which were 

acceptable. 



Samples were collected and analyzed were for uranium-238, three samples exceed the detection 
limit of 0.3 pCi/g of which none were validated as rejected. A total of six results were validated as 
rejected, providing seventeen sample results which were acceptable. 

4.4 REPRESENTATIVENESS 

In general, samples are representative of the media requested in the original work plans, based 
on work plan compliance and compliance with required sampling protocols (Le., standard 
operating procedures {SOPS}). Adherence to procedures was verified by several QA 
surveillances in the field. 

4.4.1 OU-1 PHASE Ill RFI/RI SURFlClAL SOIL DATA 

Twenty-eighth plots were identified in TM5 for sampling. A total of 34 samples were collected 
from 28 plots for a total of 100% of the locations being sampled. 

Representativeness of OU1 Phase 111 Sampling Results 

RA032, RA033, and RA037 
were sampled twice. 

4.4.2 OU-2 PHASE II RFI/RI DATA 

One hundred-twenty four plots were identified in the OU2 Work Plan for sampling. A total of 118 
plots were sampled utilizing the CDH method for a total of 95% of the locations being sampled. 

RFP samples were collected at each plot a CDH sample was collected for a total of 1 18 samples. 
Only data from 106 plots were obtained from RFEDs. The analytical results from the remaining 
12 plots could not be located in RFEDS. 

Representativeness of CDH Sampling Method Results 

sampled because they were in 
areas covered with asphalt. 

Plots 7, 14, 27, and 18 were 
not sampled because they are 
located in the PA fence and 
soils are highly disturbed. 

I I I 



I I I I 
program following 
implementation of field 
program. 

One hundred-eighteen plots were sampled by CDH methods and were to be sampled by RFP 
methods. Data for 106 plots were located and evaluated for a total of 90% of the plots being 
evaluated. 

Soil samples were collected at each of the 26 trenches. Samples collected from Trench 6 exceed 
DOT shipping restrictions and were not analyzed. 

Representativeness of RFP Sampling Method Results 

RFP samples were collected at all 
locations CDH samples were 
collected. Only results from 106 
plots could be located for this 
evaluation 

* The collection of RFP method samples were not included in the OU2 Work Plan. 

4.4.3 SOIL PROFILE DATA 

Representativeness of OU2 Phase I I  Trench Results 

OU2 Phase I 1  RFI/RI Report states 
Trench samples were collected at 
all locations. However, Trench 6 
samples exceed DOT shipping 
restrictions and could not be sent 
off site for analyses. 



4.5 COMPARABILITY 

Based on radiochemical methods used and cited, radiochemical values of the samples between 
the projects are comparable. However, the areal extent that is represented by each sample result 
may not be comparable, and must be evaluated on a location-by-location basis relative to the 
remediation area and "working" soil-volumes of interest. 

5.0 CONCLUSIONS 

Although several DQOs specific to the original work plans were not met with respect to several of 
the PARCC parameters, fundamental quality controls on the radiochemistry data were adequate 
to allow use of the data within the context of their representative three-dimensional locations, and 
with respect to current RFCA action levels (Tier I or 11). 

The OU1 Phase I I  surface soil program employed systematic composite sampling techniques at 
the center of a randomly selected 50 x 100 feet plots. This method involved the collection of 10 
grab samples and mixing them together and analyzing a subsample for the composite. A physical 
averaging process took place so that subsamples represent the average concentration of the 
original grab samples. Therefore, the sample results represents some average activity over the 
area sampled. The sample results do not measure variability of extreme concentrations (e.g., hot 
spots). 

The CDH sampling method employed systematic composite sampling techniques over entire plots 
sampled on either 2.5 or 10 acre areas. These methods involved the collection of 25 grab 
subsamples and mixing them together and analyzing a portion the composite. A physical 
averaging process took place so that subsamples represent some average concentration of the 
original grab samples. Therefore, sample results represent some average activity over the 
sampled plot. The sample results do not measure variability of extreme concentrations over the 
subsampled area. 

The RFP sampling method employed systematic composite sampling techniques at the center of 
each plot previously sampled by the CDH sampling method. This method involved the collection 
of 10 grab samples from two separate square meter areas separated by one square meter. The 
grab subsamples were mixed together and a portion was collected for the composite sample 
finally analyzed. A physical averaging process took place so that a physical average 
concentration of the original grab samples was measured. Therefore, the sample results only 
represent an average activity over the sampled area. 

The OU2 Trench sampling method employed composite sampling techniques at several depths 
within a trench. This method involved the collection of 3 grab samples from the same depth of the 
trench. The grab samples were mixed together and a subsample was collected for the composite. 
A physical averaging process takes place so the subsamples represent the average 
concentration of the original grab samples. Thafore,  the sample results represents an average 
activity over the sampled depth, at the specific trench location. 

Samples were collected at all 26 trench locations and analyses from 25 locations were provided 
by RFEDS. Samples collected from trench 6 were not analyzed because sample activity 
exceeded routine DOT shipping requirements. The analyses of samples provided an adequate 
number of acceptable data for L 90% completion. The data were of sufficient quality to meet 
completion requirements of the OU1 Phase Ill RFVRI DQOs. 
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from Bui lding 776 to Duilding 774 el frnlnated th i s  
addi clonal o i  1 drum generation. . .. 

During the transfer operations, i t  was noted chat at 
the bottom of  a l l  drums a deposit o f  sludge remained 
a f te r  rcmoval of  thc o i l .  
from I/Z inch to 3 inches and avcragcd approximately 
1 inch. By drum countcr resu l t s  the sludge within 
tho cmpty drums contained a toea1 of 5,152 grams of 
plutonium. These cmpty drums were later  disposed o f  
by adding O i l  Dry and lYicroCc1 to ahsorb the sludge. 
The drums containing the plutonium sludge and absor- 
bent bere then incased in p la s t i c ,  placed in boxes, 
and shipped to t h e  burial  grounds. 

The total number of drums or i g ina l l y  i n  the f i e l d  
numbered 5,237.  After transfer o f  contents, 4,826 
drums were transported to auilding 774 of which 
3,572 contained plutonium contaminated o i  I .  

Taking the total number o f  5,237 drums minus 4,526 
drums, containing 50 gal lons aach, which were sent 
to 8ui ld ing  774 leaves 411 drums fa be accounted for .  
The best explanation for  the 411 drums and the volume 
contained wittrin each foitows: 

This sludge var ied in depth 

A. A l l  of the drums sent to the o i l  
storage f i o l d  o r i g ina l l y  were not 
completely f u l l .  

8. Volume taken up by the sludge which 
was discarded with the empty barrels. 

C. Leakage out o f  the 5 a r r e l s  and into .- the ground within the starage area. 

To t h e  bcst of  everyone's memory and knowledge, it total 
of approxirnatcly 100 barrels  containing 50 gallons each 
o r  5,000 ga l lons  of air  leaked out o f  the drums and was 
absorbed into the so i l  within the fenced area. 

' i  
I 

The average of a l l  a i  1 samples taken fran the plutonium 
contaminated o i l  barrels  was approximately 5 x I O "  grams 
of  plutonium per' l i tar  o f  o i l .  This number i s  backed up 
by the le t te r  f rom H. E. Naas dated September 24, 1963, 
that shows a total of 3,065 srms of plutonium which w a s  
accounted for during chc process of the contaminated o i l .  
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15. 

16. 

17. 

18. 

19. 

20. 

21. 

wcrc 594 grams salvagcd from filters out o f  
ng 903 and accountcd for from organic liquid 
fieation proccssing in 3uilding 774 were 
grams totji ing 3.065 grams. Thcrefora, taking 
572 drums of plutonium which wcre processed at 
Ions cach we ~ l c t  J total of 178,600 yallonr 

2000595-00006583-502 

of 675,100 lltcrr in to  3,065 grams and we get 
4.54 x IO-' grams per liter. 

Using 4-54 x io-' grams per liter in conjunction ' 
with the estimated 5,000 ga l lons  of o i l  thac rcmains 
under the asphalt we wi 11 get (5,000 gal Ions or 
18,900 I i ters x 4.54 x 1 0 -  
85.81 grams of  plutonium (This is the amount of 
plutonium remaining under the asphalt pad.). 

,-' 

gram5 per  I iter) -c 

28, 1963, through June 1 1 ,  3968, the remaining empty 
drums and wooden pallets were placed into waste boxes 
and shipped. 

In July, 1968, a survey of the plutonium contamination 
on the surface of the soil in the 903 Area was completed. 
The results of the survey and the Health Physics 
recommendation For containment o f  the contaminatlon 
were sent to Division Services, Manufacturing and 
Faci 1 i tics. 

In October, 1968, weeds and vegetation were burned of f  
the 903 contaminated barrel scorage area preparatory 
to applying an asphalt cap over the area. No airborne 
con tam i na t ion prob 1 ems were encoun tcrcd . 
I n  November, 1968, grading outsidexhe hot fence area 

-*was started in preparation co applying an asphalt cap 
aver thc circa. This work consirccd o f  moving s l i g h t l y  
contaminated sol 1 to the fenccd area. 

In late Novmber, 1966, the six contaminated holding tanks 
outride Building 903 were disconnected and crated fo r  
shipment to hot waste. 

On Oecernber 17, 196a, E. Nathews. USAEC ALO Operational 
Safety Oivision, visited Rocky Flats.  
his visit was to discuss the history and corrective 
actions for the 903 Area. tic also indicated an interest 
in the drua storage area east  of the nitrate ponds. 

- 

The purpose of 
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22.  On January I s ,  1963, the hot fcnce was . .:ed into two 
hot waste boxcs and shipped. 

from the 903 Area containing Typo 5 L4SA waste. 

Tho two fork lifts which were highly contaminated during 
the o i l  drum removal were placed Into wooden crates and 
shipped to hot waste on Apri 1 1, 1969. 

23. On February I S ,  1969, throe more wasto boxes were shipped 

24. 

25. During May, 1969, a total of 33 drums of contaminated 
rocks were rcmoved from the 903 Area and discarded as 
hot. waste. i 

26. 'In Hay, 1969, Building 904 was decontaminated and 
removed to a location east of the Firs earn to accomodate 
drybox f Iammabi I i ty studies. 

27. In May, 1969, the road grader used to move contaminated 
soil and rocks outside of the 903 fenced area was decontam- 
inated and released to surplus. 

28. In July, 1969, Building 903 wa5 moved to a location 
immediately east of Building 666. 

29. On July 23, 1969, the first course of f l l l  was applied to 
the 903 Area. 

. ' 30. The base course material overlay, the soil sterilant? and 
the asphalt prime coat For the 903 contarnination barrier 
were completed on September 24, 1969. 

: C .  , .  31. During October, 1969, the asphalt was applied. The four 
sampte wells around the 903 Area wprc completed on 

.. November 11, 1963. 

32. Starting February 23, 1970, operations were rrartcd to apply 
additional f i l l  over the surrounding area directly east of . 
903 due to soi I contamination. 

-33. Additional soil  f i l l  operations were canpleted on 
Harch 4, 1970. 

34. As of  Apr i \  3, 1970, no water has been detected in the wells 

Health Physic3' 

KJF: si s 
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EXECUTIVE SUMMARY 

his document summarizes existing data and information for the hture development of an 

,,”‘ .$%d” e Q’” k 
f9 \a- rc 3’ 33f’ 

4)$J $9 b\>r * .-“\*>” 

measurelinterim remedial action (IM/IRA) which will provide an expedited remedial 
action strategy for contaminated surface and subsurface soils at the 903 Pad, 903 Lip Area, and 
associated radiological contaminated soils in the Buffer Zone Operable Unit (OU), formerly part 
of Operable U n i t x 2 ,  at the Rocky Flats Environmental Technology Site (WETS) in Jefferson 
County, Colorado. -- . .  1 

ion Vl11, andrPre 
on 

gency tor t X S u E F Z v .  
( n t l w k  

I-% iz 

’ne+mh+yadiologically 409% 

4-0 &lL re,%&- 

/:’ 
‘ Individual Hazardous Substance Sites (IHSSs) thg 903 Drum Storage 

(903 Pad) Site (IHSS 112), and the 903 Lip Are-*e Americium 
7% 4 f Y  . .  / Zone. This d o c u m e n t M  addresses M- 

L contaminated soils east of the 903 Lip Area including surface soils in Operable Unit @. 1. 
I 

Slrt A 

Based on data provided from previous investigations and the OU2 Phase I & I1 Resource 
Conservation and Recovery Act (RCRA) facility investigationskomprehensive Environmental 
Response, Compensation and Liability Act (CERCLA) remedial investigations (RFI/ RI), tl, 6 

-varks  remedial alternatives have been identified & LL.c Th-t/rff~t- : 

Remediate the sources of surface and subsurface soil contamination at IHSSs 112 and 155 
and associated radiological contaminated soils to protect human health and the environment 
from unacceptable exposure based RFCA Tier I Action Levels for restricted open space land 
use scenario. 

Provide surface and subsurface-soil remediation that will be consistent with the final 
corrective action decisiodrecord of decision (CAD/ROD) for the Buffer Zone OU. 

Remedial alternatives that were potentially applicable to these IHSSs and the associated 
radiological contaminated soils are been tentatively identified as: 

Excavation of VOC contaminated materials at the 903 Pad for ex situ treatment and off site 
shipment of soils exceeding radiological putback levels, excavation of the remaining 
radiological contaminated soils for off site disposal; 

Excavation of VOC contaminated materials at the 903 Pad for ex situ treatment, physical 
separation, and off site shipment of‘ soils exceeding radiological putback levels, excavation of 
the remaining radiological Contaminated soils, physical separation, and off site disposal; and 

a y “7 
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Excavation of VOC contaminated materials at the 903 Pad for ex situ treatment, putback 
treated soil at 903 Pad site. Excavation of radiologically contaminated surface soils, 
transporting soils to the existing 903 Pad area and construction of a engineered cover. 

/-- 
! This document describes contaminated surface and subsurface soils at the 903 Pad, 903 Lip Area, 
1 and associated radiological contaminated soils located in the Buffer Zone OU (which contains 

the former OU 2) as well as radiologically contaminated surface soils in OU 1. IHSSs which are 1 expected to require remediation include: 

3 
\ 

IHSS 112 903 Pad Drum Storage Area; 
IHSS 155 903 Lip Area; and 
IHSS 140 Reactive Metal Destruction Site. 

P> i < \ 
The Gas Detoxification Site (IHSS 183) includes Building 952, the Toxic Gas Storage Building. 
is located within the 903 Lip Area boundary. A no further action (NFA) has been determined for 

\ this IHSS as stated in the Ten Year Plan (DOE, 1996). I 

\ 

1.0 PURPOSE 

This document summarizes existing data which will be used to perform an accelerated remedial 
action for Individual Hazardous Substance Sites (IHSSs) and contaminated surface and 
subsurface soils #- . .  

: ’qJ-?? ** 

.J Surface Soils. l v k i  Lc J ̂J N 
903 Pad Drum Storage Site (IHSS 112)( YO 3 pa) 
903 Lip Area (IHSS 155), 

, Reactive Metal Destruction Site (IHSS 140), and 
h l C i U *  zk, Buffer Zone OU won-IHSS) and Operable Unit 

e& addresses contamination in surficial soils associated with the 903 Pad and Lip 
g those in OU1 88 1 Hillside Area, and soils east of the 903 Pad and Lip Area. 

Because the large volumes of contaminated subsurface and surface soils requiring remediation, 4 
lc ~.,c3?, three remedial alternatives P . These alternatives are: 
& q.d- 

Excavation of VOC-contaminated soils at the 903 Pad for ex situ treatment, off site 
shipment of soils exceeding putback levels, and excavation of the remaining 
radiological contaminated soils for off site disposal. 

Excavation of VOC-contaminated soils at the 903 Pad for ex situ treatment, physical 
separation, off site shipment of soils exceeding putback levels, and excavation of the 
remaining radiological contaminated soils, physical separation for waste reduction 
purposes, and off site disposal. 
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Excavation of VOC-contaminated soil beneath the 903 Pad for ex situ treatment, 
replacing treated soils in excavation, -- 

-J);$xcavation of radiological contaminated surface and subsurface soil beyond the 
903 Pad area, transporting and placing soils at the 903 excavation site for capping .r +’Ub 

with engineered cover. 4 

2.0 PROJECT DESCRIPTION 

2.1 903 Pad and 903 Lip Area 

Drums that contained radioactively contaminated oils and volatile organic compounds (VOCs) 
were stored at the 903 Drum Storage Area (Figure 2-1) site from the summer of 1958 to January 
1967 when this area was an open field. Drum storage at the 903 Pad occurred over the entire pad 
area, with the maximum number of drums stored in April 1965, based on historical photographs 
(RMRS 1995a). &+uxma rely- 
hqtmk-mst of the remaining drums co 
drums containing plutonium, the liquid was p 

e drums were hydr 

e stored at the drum storage site follows: 

Most of the drums transferred to the field were nominal 55-gallon drums, but a significant - 

number were 30-gallon drums that were not completely full. Approximately three- 
fourths of the drums were plutonium contaminated, while most of the balance contained 
uranium isotopes. Of those containing plutonium, most were lathe coolant consisting of a 
straight-chain hydrocarbon mineral oil (Shell Vitrea) and carbon tetrachloride in varying 
proportions. Other liquids were contained, including hydraulic oils, vacuum pump oil, 
trichloroethylene, perchloroethylene, silicone oils, and acetone still bottoms. Originally, 
contents of the drums were indicated on the outside, but these markings became illegible 
through weathering and no other records were kept on the contents. Oil leakage was 
recognized, and in 1959 (or possibly earlier) ethanolamine was added to the oil to reduce 
the corrosion rate of the steel drums. 

;lQsor.u -jLlji31*, 
hs D m  leakage was noted at the 903 Pad Drum Storage Site as early as 1959. Initial corrective 

action consisted of transferring the contents of the leaking drums to new drums and installing a 
fence around the area to restrict access. Approximately 420 drums showed evidence of leakage, 
and of these, an estimated 50 leaked their entire contents (Dow Chemical, 1971). & 
5,000 gallons of liquid (Freiberg, 1970) containing 86 grams (g) of plutonium (5.3 Curies [Ci]) 
leaked into the soil (Dow Chemical, 1971). ,\ 

&k &4,fi&U 
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A heavy rainstorm in August 1967 caused contaminants to migrate into a ditch south and 
southeast of the_drum storage-site (Dow Chemical, 197 1). During an investigation conducted by 
the Atomic Energy Commission (AEC) Health and Safety Laboratory (HASL), &estimated 
that as much as 125 g total of plutonium-239 (7.7 Ci) were released from the !XX+Padprum 

$torage$ite and redistributed by winds (Krey and Hardy, 1970). - 
-I_-_. 

From 1968 through 1969, some of the radiologically contaminated soil material was removed, 
the surrounding area was regraded, and much of the area, including the 903 Lip Area, was 
covered with a clean road base. An asphalt cap was constructed over the fenced drum storage 
area in October 1969. &&c& 

During radiological monitoring of the 903 Pad in 197 1, four “hot spots” were identified. This 
lead to the removal of 31 kilograms (kg) of depleted uranium and up to 10.3 milligrams (mg) of 
plutonium from beneath the asphalt cover. During sampling activities associated with this 
removal action, an oil layer, contaminated with depleted uranium, was discovered in two separate 
boreholes at depths of 45.7 and 76.2 centimeters (cm) (18 inches and 30 inches respectively). A 
clay layer was noted beneath the contaminated zone. At that time, no contamination was found 
below the clay layer, and it was believed that the clay layer served as a natural barrier to 
downward migration of contamin owever, the OU2 RFIRI (DOE, 1995) identified 
radiological contamination at dec concentration from 0.6 to 6 meters (2 to 10 feet 
respectively) below ground surfa ”5b* Q C J 3  $4 

During drum storage, removal a 
-&e, wind and rain redistributed plutonium beyond the 903 Pad. Contamination was primarily to 

pad, in an area exceeding 2,O 8 0 acres (RMRS, 1995). *jzi2.: ore* 0c?i3F,1~ 

ivities associated with the 903 Pad 

the south and east, extending to the southeast perimeter road creating IHSS 
(Figure 2-2). An estimated 16 of plutonium-239/240 were redistributed 

444 eicls L i p  R- ’LI T & ? d  -IC, G L %  -44 &,;*7GR,twm ,lauz., 

2.2 Reactive Metal Destruction Site (IHSS 140) 

The Reactive Metal 
hillside south of the 903 
primarily for the destruction and disposal of lithium (Li) metal. Approximately 400 to 500 
pounds of meiallic Li were destroyed on the groyLd-sUjface -. in this area and the residues, 
primarily nontoxic Li carbonate were buried k e y ,  1 9 7 9  Smaller unknown quantities of 
sodium ma), calcium (Ca), magnesiunifi),33‘Ents and unknown liquids were also destroyed 
at this location. Nickel carbonyl a&&n carbonyl are believed to have been disposed of in this 
area in 1969pJ$storical refewdes do not indicate the method by which constituents were 
destroyed at the %---*”” 

as the Hazardous Disposal Area is located on the 
site was used during the 1950s and 1960s 

.i! w-- 
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2.3 General Conditions 

The study area is located in the southeast portion of the Buffer Zone Operable Unit surrounding 
the WETS. Surfical geologic units within the study area include alluvial, hillslope, and anthro- 
pogenic deposits. The 903 Pad, Lip Area, and Reactive ,Metal Destruction Site, are located 

present at the 903 Pad and 4 Rocky Flats Alluviumq.dqws&. & 
Lip Area. 1 . z a -  Non-IHS3are located within the Rocky Flats 
Alluvium and hillslope deposits. Geologic, hydrogeology and geochemisty of the study area 
may be found in numerous reports includinq ; 

AcCr?re * I  til is. 

DrQzrJ 
o v\ 

Af- 
1 

Final Phase I1 RFI/RI Report, 903 Pad, Mound, and East Trenches Area, Operable Unit No42. 
(DOE, 1995). 
Geologic Characterization Report for the Rocky Flats Environmental Technology Site 
(EG&G, 1995) 
Groundwater Geochemistry Report of the Rocky Flats Environmental Technology Site 
(EG&G 1995) 
Hydrogeologic Characterization lieport for the Rocky Flats Environmental Technology Site 
(EG&G, 1995) 

3.0 

Numerous investigations into the extent of radiological contamination have been conducted at 

groundwater monitoring wells installed in 1968, pre-surfacex 903 Drum Storage Area plutonium 
survey (Owens, 1968)' post-surfaceg903 Pad gamma surveys (Rutherford, 198l), soil sampling 
beneath the 903 Pad (Stevens et. al., 1982), aerial radiological surveys (EG&G, 1989), ground 
radiological surveys (EG&G, 1990 & 1994), surface soil sampling (DOE, 1995), and subsurface 
soil sampling (DOE, 1995). Discussions on investigations are provided below and are organized 
into media including surface soils, subsurface soils, and groundwater contamination. 

the 903 Pad and 903 Lip Area. These investigations ' k u d e  the original 

3.1 Surface Soils Investigations 

Numerous surface soils investigations have been conducted within the study area beginning 
shortly after the removal of drums at the 903 Brm- 'n 1969. The following 
sections provide a description on surface soil investigations conducted in the area. 

Pa.*% 

3.1.1 h V' C h c a l  c~fl3x) any Gk~f&igondjx~e----- 

((J're-903 Pad Plutonium wen's ( 1968) correspondence from Health Physics, provided 
on early investigatioiis into the plutonium contamination at 
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the 903 Pad. The correspondence describes the techniques used, conditions in the area during the 
survey, survey results, and Health Physics’ recommendation for corrective action. 

The correspondence states that prior to the placement of the asphalt at the 903 Pad, a radiological 
survey was conducted which included readings 
was conducted on relatively dry soils which were generally unvegetated inside the fenced a re34  
k-a. Vegetation outside the fenced area was described as heavy and may have impacted 
the survey by preventing direct placement of the instrumentation on the ground surface. The 
correspondence states that the contamination was carried into the soil by a liquid and that the soil 
conditions within the fenced area do not permit accurate penetration determination. However, “a 
spot survey in the southwest section indicated 60 micrograms (Pu) per square meter of pad area 
at a depth of 8 inches with no indication of having reached the limit of penetration”. 

taken on a 25-foot grid. The survey 

Health Physics’ correspondence does not state the specific instrumentation used to perform the 
survey. It does state that information used to convert the survey results to micrograms per square 
meter was obtained from the Emergency Radiation Monitoring Team Training Manual. A map 
was sketched presenting the results of the survey in micrograms per square and is provided in 
Figure 3 - 1. 

rs)ect 3.1.2 S- -+he-- 
. .  

-.cr-/”“ <Lh.t- 
h‘re-Sui-jaccd 903 DII~MZ .--____I_^_ Storuge Area _ll_l__-l Plutonium ““.-IC__- SurvQ&utherford (1 98 1) statesrthe Dow 

&em&l%“F€eZTTiT%ys~cs’ survey conducted in 1968 provided readings measuring the 
plutonium activity s 2 - f t  diameter circle (field of view). A map was drafted presenting the 

rd results of the survey, however, the 903 fence and buildings are not included and 
therefore no reference points are provided. The relative position of the survey and resulting 
isopleths cannot bc determined from this map. The reader is-w+tk& review the map 
provided by Owens to interpret the data from $E survey. 

Rutherford warns readers that the map should be used with caution since it was known that 
contamination was not confined to the surface but had reached various depths in some areas, and 
that other areas had been covered with lioncontaminated soil. A copy of the plutonium survey 
map is provided as Figure 3-2. 

5 k O U Q  

?$qurv 3 . ; )  -#*is, 

rl. (\rat h‘ J 

3.\3 Gamma-R also includes the results of a gamma survey 
e U E i Z l  ad. The report states that four contamination 
spots were sampled for radiochemical analysis. The analytical results indicated that no vertical 
migration had taken place and that contamination was restricted to 0 - 20 cm depth wrtervd or 
less below the.origina1 ground surface. No analytical results were published in the report. The 
gamma survey results indicated that “except for several areas that were sufficiently high in 
radioactivity to distinguish from background, the survey in general could not distinguish between 
contamination under the pad and natural radioactivity in the asphalt”. A copy of the gamma 
survey map is provided as Figure 3-3. 
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High Purity Germanium (HPGe) Surveys 
c 

3.1 .$ 

Numerous HPGe surveys have been conducted at the WETS to provide a baseline radionuclide 
activity in surface soils and to determine subsequent impacts on surface soils at the WETS. 
Summaries on thee  HPGe surveys are provided below. 

J / 

3.1.8.1 

Allegations that a criticality accident had recently occurred at the site prompted an aerial tf f& 

_-. - - 

Aerial Radiological Survey of thk US DOE; Rodkv Flats Plant - July 1989 -$- 
i---__”./J 

radiological survey of tlie area in June of 1989 (EG&G, 1990). v 
*@-p&- . A  
square miles of the &-e 

survey was oriented to cover the site and the natural drainage area leading away from the plant. 
The flights were conduced at an altitude of 150 f i A e e  flight lines spacedW250 feet apart. 

The survey consisted of airborne measurements of both natural and man-made gamma radiation 
from the terrain & in and around the plant. These measurements allowed an estimate of the 
distribution of isotope concentrations in the survey area. Results are reported as ;4nracknkM 
contour maps of total terrestrial exposure rate, man-made count rate, americium-241 count rate, 
andgesium- 13 7 count rate isopleths superimposed on aerial hotographs of the area. The 

120-240, 240-600, 600-~400,2~00-s)i600, and ?600-39400 CXWI&-- 

r map (Figure 3-4) presents i- The$fk~mcjurn-24 1 i- 

a t h e  903 Pad to the Lip Area where they increase to a f 600 to 3400 cpm. 
These concentrations 
to 240 -600 cpin in a small area adjacent to the 903 Lip Area perimeter road. Cokentrations 
gradually d e c r e a s e w $ o  50 cpm -d with three isolated pwketS4f higher 
concentrations (50-l i0  cpm) e present 3,000 feet east of the 903 Pad. 

r -> .UI.QjL. * A  !$r?f%%r s I ”TUce L J I K  

. .  

c-- 

~~~~, 
f 

P m P  t-ag+ 

-1 contours presented on maps a ranges 0-50, 50-120, 
0 

4 Inj+-cJ~ 
50- . .  . .  

vr tr\LFJ.rl, a- . .  contours sharply increase sm4n.g f-* p m y i g e  90 3 Pad. T h e m  1 

~ a ?  cln-b 075 % 
120 G0HMqWr m~l~llLe..fc 

1 .  h p - w  decrease 7 naaqg&Z the Lip qrea eastward 

d4LL tw e*\&. 

4- tkt O l S  i.- 

c*-% w &  

Ground measurements were obtained at the same time as the aerial survey.- 0- 
measurements. Ground measur ck mounted or a tripod 
mounted elector. il samples w e r e d  
collected and analyzed at each 
comparison of tlie activity concentration existed k t h e  three systems (soil samples, in situ 

rt states that an excellent 

HPGe, and aerial HPGe). e.&&*, 4 f - l u t ‘ p A  

An analysis of the study’s 42 ground HPGe americium-241 results and soil americium-241 
results has been conducted. A regression analysis indicated that 91% of sample variation in 
HPGe survey results is explained by soil sample results (r = 0.91). The HPGe survey results 

[J?d\-&)x.. -A’:_ (cj{A3 s - c  

I 
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appear to underestimate the americium-241 activity in soils by 50% (slope = 0.50). The HPGe 
data assumes a relaxation depth of K = 0.1 cm-’ and a soil sampling depth of 4 cm. 

In Situ Survey of the US DOE’S Rocky Flats Plant 3.1.8.2 

In 1990@in situ radiological survey was performed over& WETS (EG&G, 1991). The area 
east o d h e  903 Lip Area was surveyed from November 8 through December 8, 1990. The survey 
was conducted utilizing a 20% N-type, HPGe gamma ray detector suspended 7.5 meters above 
ground surface. Measurements were obtained with a field of view with 150-foot centers. The 
results are based on a homogeneous, three-dimensional distribution of the species within the soil 
matrix and averaged over the top 3 cm (1.2 in.) of soil. No soil samples were collected in 
support of this field effort. 

it 
w 

The results, presented as isoconcentration contours, indicate americium-24 1 activities ranging 
fkom 1 pCdg to 60 pCi/g adjacent to the road west of the 903 Lip Area. Figure 3-5 presents the 
map generated for the report. 

& 
3.1 .$.3 1994 In Situ HPGe Survev of the 903 Pad and 903 Lip Areas 

A truck-mounted HPGe survey was conducted in June 1994 (RMRS, 1996). The survey was 
conducted over part of the Americium Zone east of the 903 Pad and over the 903 Lip Area. The 
survey measured the average activity of actinides over a specific field-of-view (FOV) whkh-€k 

at-1 15O&jn diameter. The survey identified 35 FOV locations, many which are =re --L-: estimated amerinium-24 1 activities were above 10 pCi/g(Figure 3 - 6 e s  

th+msh&bs.w-uy The HPGe survey of the area east of the 903 Lip Area correlates very 

support of this field effort. 

3.1.f 

E& well with the HPGe survey conducted in 1990 by EG&G. No soil samples were collected in 
g ,sq 

4 . e  
RFI/RI Surface Soil Investigations 

< 
+&+- 

103 &J;A Q 50-f I q ” u p  J 

plot,The RFP 

trenching method. 

The CDH . T h e w  J+ @ 

.h 4 - L  L&&- BF ec-,l, - a- 
using the CDH sampling method. 
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rface soil samplesJrom 34 e samples were 
- T h d f i d O - f i X C T  compositing of RFP Li samples collected at five locations within each selected plot. ( \?DLJ ? ‘) p&. 

” -A- 
1 *.!%+‘ Surface and subsurface soil radiological data ,yas evaluated according to Procedure 2-G32-ER- 

ADM-08.02, Evaluation of ERM Data for Usability in Final Reports. The procedure is based on 
the relationship of data to the data quality objectives. This evaluation determines the adequacy 
of radiochemistry data for use in environmental decision making. Numerous data were deleted 
from the data set based on this evaluation and therefore represents a data gap. Appendix B 
provides the draft report presenting the results of the usability evaluation (RMRS, 1997). 

Americium-24 1 
Plutonium-23 9/240 
Uranium-23 4 
Uranium-23 5 
Uranium-23 8 

Surface soil contamination levels were compared against RFCA Tier I soil action levels to 
establish an estimate on the areal extent of contaminated soils requiring remediation. This 
scenario assumes an annual radiation dose of 85 millirem (mrem). If a mixture of radionuclide 
contaminants a, b, c are present in the soil in the activities a,, a,,, and a, and if the applicable 
action level of radionuclide in soil, as stated in RFCA, is A,, A,, and A, respectively, then the 
activity in the soil shall be limited so that the following relationship exists: 

215 
1429 
1738 
135 
586 

If the sum of ratios, as calculated in the equation 2.1, exceeds evaluation, remedial action, . .  and/or management actioii-. 

Table 3-1 provides the Tier I action levels for specific radionuclides using the Buffer Zone 
hypothetical resident scenario. 

TABLE 3-1 

RFCA ALF TIER I SOIL ACTION LEVELS - RADIONUCLIDES 
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3.1. d . I  -+%iEZ CDH Sampling Method - Spatial ExtenVFate and Transport Study 

. .  . - 
was conducted to determine t--ination within ----- OU1 and 

I the CDH sampling method 

o u 2 .  ? 

Four 2.5-acre plots (Plots 21, 22,30, and 31) and seven 10-acre plots (Plots 0, 1, 3 ,4, 10, 11,and 
23) were sampled in support of the OU1 Phase 111 WIN The remaining 107 plots were 
sampled in support of the OU2 Phase I1 RFI/RI, Figure 3- provides the locations of the plots 
sampled in support of tMprogram4 ( s \  k..- ? c.j.&w<, *Q + ‘G%i 
Litaok( 1995a) generated isopleths maps for plutonium-239/240 and americium-24 1 from these 
data and recommended using these maps m t b e ~ &  for future risk assessment, 
associated with public exposure to these radionuclides. Litaor (1 995b) also evaluated uranium 
isotopic data generated from this investigation and constructed isopleth maps presenting these 
data. He concluded that spatial correlation was not observed for U-234. Uranium-235 exhibited 
a spotty and localized concentration pattern with no clear relationship between known burial and 
s@l sites and the present distribution 

natural range of U isotopes in soils. Uranium-238 exhibited a pattern of localized spatial 
distribution, however, most of the observed activity was well within the natural range of U-238 
activity in soils. 

Table 3-2 provides analytical results for radionuclides and RFCA Tier I ratios and sum of ratios 
for the samples collected f CDH s7@~ng&. The surface soil results indicate 
that the sum of ratios for radionuclides from two 2.5 acre areas, Plots 28 and 34, exceed RFCA 
Tier I action levels. Based on the nature of the sampling method, the analytical results represent 
the physical average of radionuclides in the respective plot. Figure 3-9 provides the locations of 
plots exceeding W C A  Tier I action levels for radionuclides. 

-.------------ -11 

f*lU-235 in the s o m s ? f  the 6 e d  activities of U-234 and U-235 were well within the 

* L w ; i  *- 

3.1.4.2 &? R I T  Sampling Method - Spatial Extenmate and Transport Study 

Litaor (1 995a) states that the CDH method “exhibited a serious problem in locating the boundary 
between the soil surface and a litter layer accumulated above.” Therefore, a comparative study 
was conducted to assess actinze- using the CDH and RFP sampling methods. This 
included the sampling of 1 18 plots identified in the OU2 Phase I1 RFI/RI report using the RFP 
sampling method. However, only data from 107 plots were available, 

Plutonium-239/240 data from 103 plots and americium-241 data from 93 plots were determined 
to be useable basdon an evaluation of radiological data (RMRS, 1997). - 

It was dete&?ned that differences in 
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radionuclide results determined from the CDH sampling and RFP sampling methods were not 
statistically significant (Litaor, unpublished). 

Table 3-3 provides analytical results for radionuclides and RFCA Tier I ratios 
for samples collected for the RFP sampling program. The surface soil results indicate that the 
sum of ratios for radionuclides from three 2.5 acre areas, Plots 29,36, and 46iexceed F W C h e r  

3 bur// --bction levels. Based on the nature of the sampling method, the analytical results represent the 
physical average of radionuclides over the area sampled or 3 square meters at the center of each 
plot. Figure 3-10 provides the sample locations using the RFP sampling method exceeding the 
RFCA Tier I surface soil action levels. 

3.1.3.3 

of. ' 

OU2 Modified RFP Sannpling Method - Human Health Risk Assessment Study 
f 

An additional investigation was conducted to assess the potential human health risks associated 
with exposure to OU2 surface soils. This investigation was designed to evaluate the nature and 
extent of non-radioactive contamination (SVOCs, metals, and pesticides/PCBs) as well as 
radioactive contamination, excluding americium-24 1, plutonium-239/240, and uranium-isotopes. 
Radionuclides analyzed for this investigation include cesium-1 34, '1 37, gross alpha, gross beta, 
radium-22 6, radi urn-22 8, and s tron t iu 111- 8 9, -9 0. 

The OU2 study area was divided into 9,126 contiguous 50 feet by 100 feet plots. Forty plots 
were systematically selected for sanipling. Six of the forty were biased plots selected for 
sampling because they were located within IHSSs potentially containing contaminated surface 
soils. The remaining, 34 plots were evenly spaced throughout the OU2 area. One composite 
sample was collected from each of the plots using a modification of the RFP method. The 
locations of the soil samples collected in support of the human health risk assessment study are 
provided in Figure 3- 1 1. 

Non-radiological compounds in surface soils were found to be less than the Tier I action levels 
and therefore do not require any action under RF'CA. 

3.1.b.4 

Twenty-six soil profile pits were excavated and sampled i - v  i at' 
actinide distribution, fate and transport in soil for the OU2 Phase I1 
the pit sample locations. Ten soil samples were collected per pit 
intervals (in cm): 0-3, 3-6, 6-9, 9-12, 12-18, 18-24,24-36, 36-48,48-72 and 72-96.CPer RF'CA 
the top 6 inches (15.24 cm) is considered surface soi) Samples were analyzed for plutonium- 
239/240, americium-241 and uranium-233/234, -235, and -238. -) I .  conciuat'tl 
+bt I- more than 90% of the plutoi7iurn-239/240 and americium-241 activities were confined to the 
uppe? 12 cm of the soil, regardless of the soil characteristics or distance and direction from the 
source 

OU2 Soil Profile Samplinc Program 
t: 

4-a dLkr/nckL 

igure 3- 12 provides 
the following depth 

i."- e .  ~--y+d-- 
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Table 3-4 provides analytical results for soil profile radionuclides and RFCA Tier I ratios and 
. The soil sample results indicate that &e an\? s-pkr 
d RFCA Tier I action levels to a depth of 27 

sum of f i t K Z - E - r % Z o a Z r m p g  collected from 
eedmg Tier I soil action levels 
. Samples collected from Pit 
not analyzed. Pit TR06 is 

also located in Plot 28. It is suspected that radiological contaminants exceed Tier I action levels 
below the surface soil level of 15 cm at this location due to its 

TABLE3-5 -- 
- M O I L  PROFILE PIT TR08 

RFCA TIER I SUM OF RATIOS COMPARISON - RADIONUCLIDES 

TR00330WCU2 
TR00329WCU2 

TR08 
TR08 
TR08 
TR08 
TR08 
TR08 

15-2 1 
21-27 
33-39 
45-51 
69-75 
93-99 

TR00328WCU2 
TR00327WCU2 
TR00326WCU2 
TR00325WCU2 
TR00324WCU2 
TR00323WCU2 

2.0584 
2.2325 
0.41 19 
0.0165 
0.0013 
0.0099 

OU1 Surface Soil Sanipliiig Program 
f 

3.1.p.5 
in $.”id L 

In addition to the 11 plot samples colleetecf,during the OU2 Phase 11 RFIM field effort h 

Surface Soil Sampling Program was dcsigned to determine the nature and extent of 
contamination and assess potential liu iian health risks from exposure to the soils. 
-g samples over a gn covering approximately 52 acres. TkgBtFt-areawas 
divided into four-h&drcd-l?fty 50- by 100-Coot contiguous rectangle plots,wkisk% 

Twenty-four of tlie plots were selected for sampling by matching the 
plots with numbers generated from a random number generating process. Fourbkwd sampling 

-, surface soil samples were collected for the (YUJ RFI/RI. The OU1 -__7 Phase I11 

UrCrJc wri+ 
s-4. 

locations were selected kemq+hg ’ in  IHSSs 106, 130, 119.1 and 119.2. a w t - (  

c a * p ~ w ~  in h h - m  -1 
The samples were collected utilizing tlie RFP sampling method. T- 
C x m m T f e - -  r . .  
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+aQ&w+--- W Q W . X W  us 
malykdwsuretnef i ts .  If the mixing is through+ p h y w -  . .  , o  
s l  &-ab sm-mh . Table3-6 
provides analytical results, RFCA Tier 1 and $ums owatios for 
samples collected for this program. Figure 3-13 provides the locations of the soil sampling plots. 

3.1 .!& 

RFCA sets forth action levels and standards which incorporate land- and water-use controls in 
RFETS cleanup decisions. The soil action levels are calculated upon a radiation dose limits 
based upon certain land use restrictions. The soil action levels were not intended to consider the 
transport of soil coiitaiiiiiig actinides to surface water. RFCA states that the protection of surface 
waters usage with respect to long-term Site condition will be the basis for making soil and 
groundwater reined iation and management decisions. Therefore, it is necessary to develop a 
conceptual model to bctter Liiiderstand the relationship of the actinide levels in soils and the 
effect of remedial activities on the long-term protectiveness of surface water quality. 

uq t.U* 

Z,a$$.f @[-&8 k. 3 .&$ hi(ut j 3 r  r e.& &re I k J ,  
&&=mid Surface Soil Investigations 

Q~ol.11) 

. .  In 1996, 
existing data on actinide migration at RFETS and make recommendations for future work. Their 
recommendations included activities to: 

I the Actinide Migration Expert Panel, was formed to review 

1) Develop a conceptaal model for actinide transport, based on a thorough understanding of 
chemical and physical processes; 

2) Investigate the long-term impacts of actinide geochemistry mobility on remedial 
requirements; a x !  

3) Evaluate the protecilveness of the RFCA soil action levels to surface water quality. 

In June 1997,tlie Actinide Migration Expert Panel ) col lec th  o f  

6 surface ana subsurface soil samples located in Plot 34 (Figure 3-8). The purpose of the 
investigation was to provide preliminary plutonium phase speciation and soil distribution 
coefficients (Kd) values for 903 Pad area soils. A final report is to be delivered to Kaiser-Hill by 
September 30, 1997. 

3.2 S u bs ~i r f ce So i 1s 1 live s t i gat i on 

Subsurface soils are cieiined in RFCA as soils deeper than six inches below the ground surface. 
Subsurface soils \\ erc investigated through soil gas surveys, borehole sampling programs, and 
soil pit investigations. 

3.2*1 4 - “9, 

*f-------‘- 

!Jnitial Testing of Pilot Scale Eyuipnzent for Soil Decontamination Project (Rockwell, 1980) - 
This report provided data identifying radioactive contamination, specifically plutonium-239 and 
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-&$&& > b.Ja-;x 
americium-24 1, bencatli the 903 Pad,\** used to identify excee@ceSof Tier I action 
levels. Six samples \vcre collected under the 903 Pad, identified as P-1 through P-6. The 
locations of these saiiiples, provided by Roclwell(1977), are presented in Figure 3-14. The 
samples were collected to a depth required to reach a soil activity 1250 d p d g  as detected by 
field instrumentation and may represent the vertical extent of radioactive contamination beneath 
the 903 Pad. Results ol‘ the sample analyses and Tier I sum of ratios are provided in Table 3-7. 

Laboratory testing including bench scale equipment tests were conducted using,radiological 

w thdk%ht go other subsurface samples 1 - w  exceedkg Tier I action levels. 
Two additioh samples. Samples A and B, were taken adjacent to the soufheast corner of thepad af- 
in &E windblown soil material prior to the placement of the asphalt cap. The exact locations 3 
these samples has not been determined. 

+r.- 

contaminated soils+- s. T k h  

-4% 

TABLE 3-7 

SOIL DECONTAMINATION SAMPLING PROGRAM 
RFCA TIER I SUM OF RATIOS COMPARISION - RADIONUCLIDES 

A Surface 1 1,200 ‘ 1 1,900 
0.46 940 

1,400 

B 
P- 1 

i P-2 0.61 I 
0.56 8,000 ’ P-3 

P-4 0.66 4,500 
P-5 0.61 14,000 
P-6 0.61 17,000 

Surface I 

Below top of asphalt. 

5,360 

3,604 
2,045 
6,306 

1,400 

1,100 
1,000 
4,200 
4,100 

90 0.80 
636 6.71 
279 1.59 
495 2.74 
450 4.62 

1,892 10.23 
1,846 13 .OO 
2,252 15.83 

3.2.2 RFI/Rl Subsui-lace Soil Investigations 
\cd&yj &tmJ 

The OU2 Phase I & I1 IiFIiRl~included the completion of a number of boreholes and soil profile 
pits,- coil dais . The following sections provide the results of these 
subsurface investigations. 

The Phase I RFIiRI field program was completed at OU2 in 1987 and a Draft Remedial 
Investigation Report for 903 Pad, Mound, and East Treckhes Area (Rockwell International, 
1987) was submitted to the EPA and CDII in December of 1987. The objective of the Phase I 
RFURI was to verify the existence and location of the waste disposal sites, characterize the sites, 
evaluate the nature and extent of contamination, and develop data needed for feasibility studies 
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of remedial alternatives, as appropriate. Soil samples were collected ever two-foot intervals from 
a total of 33 boreholcs -3 to evaluate the nature and extent of soil contamination. No 
surficial(0-6 in.) soil samples were collected in support of this investigation. The Phase I 
RFI/RI field investigation lead to the general *-"a conclusions that VOC and radionuclide 
contamination exists in  soil, @rfacewat$i, groundwater and sediments around several IHSSs, 
but the distribution and magnituTe of the contamination needed to be better delineated. Tlte 

-- on 1_1-_" these boreholes __ - ~ - -  --~ has --- b e e i i & a u b k d - ~ & + m P  
-_I below. l_l. 

CI 

f3" 

--.* I_ I_ - .d 

C" - 
---The OU 2 Phase I1 RFI/RI investigation iiivolved collecting borehole samples, surface soil 

samples and installing groundwater monitoring wells. The following discusses the results of the 
Phase I1 RFI/RI. 

3.2.2.1 Borehole Programs 

903 Pad - Seven source boreholes (Figure 3-15)(06691, 08691,08791, 08891, 08991,09091, 
and 0919l)were installed at the 903 Pad in support of the OU2 Phase I1 RFURI. Analytical data 
from samples collected from these borings was compared to RFCA ALF action levels. The sum 
of ratios for radionuclide results indicate that all sample results were below the RFCA Tier I 
action levels. Table 3-8 provides the sum of ratio values for borehole samples collected in 
support of the OU2 Phase I1 RFI/RI. No VOC concentrations above the RFCA Tier I action 
levels were detected. 

903 Lip Area - Fifteen source boreholes and tliree additional boreholes for installation on 
groundwater plume characterization wells (00191, 06591, 06791, 06891,06991,07091, 07191, 
07291,07391,09391,09591, 13091,34591,34791, BH2287, BH2387, BH2487, BH3087) were 
installed in the 903 Lip Area (DOE, 1975). Data was available from RFEDS on all these 
boreholes with the exception of boreholes 00191, 34591, and 34791. Radiological results from 
boreholes 0939 1 and 0959 1 w e r e ~ ~ + j e c t e d $ ~ % h e r e f o r e  eliminated from the 
database. The sample results were compared t o K A - A L F  Tier I action level and the sum of 
ratios for radionuclides were calculated. No sample sum of ratios for radionuclides exceed the 
Tier I action levels 

Reactive Metal Destruction (IlrlSS 140) - Nine source boreholes (07491,07591,07691, 0991, 
09791, 12791, BH2687, Bt-12787, BH2SS7) were completed. Data from these boreholes were 
downloaded from RFEDS to compare to the RFCA Tier I action levels for radionuclides. The 
comparison results indicated that no samples exceed the action levels for radionuclides. 
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903 Pad Source Area (Westem Portioii) (Noii-IHSS Locations) - Seventeen boreholes (00291, 
00391,00491,00591,00691,00791,0O991,01091,01191,01291,05991,11791,12991, 13591, 
20791, B3 15289, BH2987) were completed in the nsn-FH%$ area east of the 903 Pad. These 
borehole locations are primarily east and south of the 903 Pad on the south-facing slope of the 
Woman Creek drainage. However, radiological soil sample results from only three locations 
00291, BH2987, and B315289 were available. a 
-33. RFCA Tier I comparisons indicate that no subsurface soil samples from 
these boreholes exceed the action levels. 

. .  

3.2.2.2 Soil Profile Sampling Pits 

Soil Prufk  (Pits 1-26) Sampling Program - Pit 1-26 soil sampling program was conducted in 
support of the investigations of actinide distribution, fate and transport in soil for the OU2 Phase 
I1 RFI/RI. Ten soil samples were collected at predetermined intervals to a depth of 1 meter at all 
locations. Soil profile sampling has been previously discussed in the surface soil section above. 
In general, samples from only one location, Pit TR08, exceed FWCA Tier I action levels to a 
depth of 27 cm (10.68 in.). This pit is located in Plot 28, also identified as exceeding Tier I soil 
action levels based on the CDH sampling program. In addition, samples collected from Pit TR06 
exceed DOT shipping restrictions and were not analyzed. Pit TR06 is also located along the 

pit sample locations exceeding the RFCA Tier I surface soil action 
levels. 

3.2.3 ou 2 --- 
-oil Vapor Survev 

A soil gas study (DOE, 1994) was conducted in May/June 1993 to locate high VOC 
concentrations in the subsurface soil for [lie OU 2 soil vapor extraction project. The soil gas 
survey sampled areas where aerial photos taken prior to capping of the 903 Pad showed stained 
soils. 

The soil gas survey consisted of 7 1 samples collected at a depth of 5 feet below ground surface 

ground in January 1994. The samples \\we collected and analyzed using gas chromatography. 
The survey observed the highest concentrations immediately south of the southeast corner of the 
Pad, at 27,000 ug/l tctrachloroethenc at <I dcpth of five feet. However, at the adjacent soil gas 
locations and subsequently complctecl boicholes, tetrachloroethene is either not detected or 
detected at very low concentrations. Soil gas concentrations for the rest of the 903 Pad ranged 
from 0 to 500 ug/l with the next higlicst concentrations around boreholes 08891 and 08691 (see 
Figure 3-16). 

during the summer of 1993 and one location sampled at a depth of 10 feet below 



Rocky Mountain Remediation Services RFIRMRS-07-xxx 
Revision: x 903 Pad, Lip Area, and Non-IHSS Area 

Data Summary 0713 1/97 
“DRAFT- RMRS Internal Review 11” Page: 17 of 25 

3.3 Groundwater 

Groundwater sample! results are availahle S 

beginning in 1975. The Site groundwarcr 
within the study area. Results from gro~iiidwater monitoring programsHprovided below. 

3.3.1 0riIr;inal Groundwater Monitoring Wells 

numerous wells 

a J C  

Four groundwater monitoring wells were installed at each corner of the 903 Pad in 1968. The 
wells were installed above the water table at the site and reportedly seldom encountered 
groundwater. Yoder (1 98 1) provides radioactivity data on these wells semi-annually from May 
1975 to March 198 1. These data indicate all wells were dry during this time period with the 
exception of wells 0 168 and 0268 m4.wAp~w- for the April 1980 sampling 
event. These data iiidicate that ground\\ ater saniples from both wells provided results below the 
detection limits for plutioniuni-239/2.i0 (0.04 pCi/L), americium-241 (0.9 pCiL) and total 
uranium (0.07 pCi/L). Tritium was detected at 1,400 pCi/l in well,@ and at 80 pCi/L in well 
-: ( ’ 4 3  8 
CZb e 
One set of soil sample results for plutonium-239, americium-24 1, uranium-233/234, uranium- 
235 and uranium-238 was available. These results represent a composite sample of the alluvial 

e wells for the well abandonment material which was generated during the abandonment of 
and replacement program (WARP) in 1992. The sum of r for the radiological results were 
below Tier I1 action levels. 

3.3.2 G ro LI iidwa ter Con tami i i i i  1 1 (1 n 

High concentrations of VOC contaminat i 011 are present in groundwater samples collected from 
wells at the 903 Pad. Concentrations up to 10 times the pure phase solubility of these 
compounds and substantially above RFCA Tier I action levels for groundwater wkre detected. 
The EPA (1992) provides guidance in Estimating Potential for Occurrence ofX$A& at 
Superfund sites for determining the likelihood of DNAPL at a site. Based on th; ionditions of 
historical site use and characterization data, there is a high potential9 DNAPL at the 903 Pad 
site. ‘+@$ .e. eb-’3+A 

A VOC-contaminatcd groundwater piLli1lc extends from the 903 Pad area to the east. The highest 
concentrations are found in groundwatci samples collected from wells 06691 and 08891 located 

groundwater samples collected from M cils in the 903 Pad area. Concentrations of contaminants 
in groundwater drop rapidly cils~& & the 903 Pad area. The primary groundwater 
contaminant in well 06691 is carbon tcti xhloride anrfil;, rang3 !?:m 5 1 to 100,000 ppb. Also 
present are methylene chloride (150 to 35.000 ppb) and chloroform (92 to 49,000 ppb). 
Groundwater sample results for well 08 S9 1 indicate the primary contaminant as tetrachloroethene 
at concentrations ranging from 470 to 20.000 ppb, along with carbon tetrachloride (290 to 17,000 

on the asphalt portion ofthe 903 Pad (Figure 3-15). Table 3-9 provides analytical results of so bs 

b-’dA foEs 
& &d-- tr -mk& 0 
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ppb), cis-I,2,dichloroethene (94 to 2,900 ppb) and trichloroethene (210 to 4,600 ppb). The next 
highest concentration of carbon tetracl; ioride in groundwater is found in samples collected from 
well 13 19 1, which is located west of thc \vel1 0669 1 and off the western edge of the 903 Pad. At 
this location, observed carbon tetracliloride levels ranged from 122 to 4,800 ppb. 

Radionuclide contamination in groundwater was uw.es~gate&fiorn 199 1 to 1995 HI groundwater 
monitoring wells identified as containing VOC contamination discussed above. Groundwater 
analytical data indicates that one well, 0909 1 located on the 903 Pad, contains americium and 
plutonium activity in excess of Tier I action level for groundwater. This well haqxdwx w-bt~ 

groundwater with maximum activities of 46.54 pCi/L of plutonium-239/240 and 354.6 
pCiL of americiuni-241. No groundwater samples collected over this period detected any 
uranium-isotope in excess of its respecti \’e background activity. Table 3-10 provides analytical 
data for radionuclides in groundwater sciiiiples with detections above Tier IT action levels. 

3.4 Previous Remedial Actions 

e+-\& $ p.4 .&r K, 

W i e  ;r qz+bb? 

3.4.1 Surface Soils 

Surface soil remedial actions have takcn place at the site beginning in 1968 with the regrading 
(removal) of containinated soils froin outside the 903 Drum Storage Area. Surface soil removal 
actions have also taken place in 1976. 1978, 1984, and 1995. The following sections provide 
summaries on previous removal action\ \i ithiii the study area. 

3.4.1.1 

Frieberg (1970) provides a chronology ofthe initial remedial actions taken at the 903 Drum 
Storage Area. The correspondence, pwwdeh&Appendix C, SateS the following information: 

July 1968 A szirvey WNJ coiidiic(ed of the plutonium contamination on the surface of 
the soil in the 903 iliza The results of the survey and the Health Physics’ 
i.e~oi7ii~zeiz~~~ilion foi the containment of the contamination were sent to 
Dii>i s ion Service \ lii~nifuctiiring and Facilities. 
[Veeds and vegelcifion Mzre burned offthe 903 drum storage area in 
pi-ep~ration o j  upplyiiig an asphalt cap. 
Gi.criliizg ojslighil)/ Loiztanzrna[ed soils outside the hot fence was conducted 
i n  This work comi\Ied of moving the slightly contaminated soils outside 
/he fence into the ferzced area in preparation of the cap. 
The hot fence was puckaged and shipped as waste. 
Three more waste cixtes M ere packaged and shippedfiom the 903 Area. 
Two highly con/aniii7a[L-‘d fork l@s were placed into wooden crates and 
shipped as hot ~ i u s t e  
33 drums of con/nrniiirit’ed rocks were removedJFom the 903Area and 
discarded as hol ww le Building 904 was decontaminated and removed to 

\c j FgrOJtL4d 

October 1968 

November 1968 

January 1969 
February 1969 
April 1969 

May 1969 
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a location east of the Fire Barn. The road grader used to move 
contaminated soils was decontaminated and released to surplus. 
Building 903 was nmved to a location immediately east of Building 666. 
The base course material overlay, the soil sterilant, and the asphalt primer 
cat were completedfor the 903 containment barrier (cap). 
The asphalt cup was applied. 
The four groundwater monitoring wells were installed. 
Operations were initicilcd to apply additional Jill over the surrounding area 
directly east of the 903 Pad due to soil contamination. 
AdditionalJill opcrntions were completed. 
As of April 3, no wates was detected in any of the wells installed. 

July 1969 
September 1969 

October 1969 
November 1969 
February 1970 

March 1970 
April I9 70 

This correspondence confirms that contaminated soils outside the202 D-m Stgrage-ArEfence 
were graded into the fenced area prior to the application of the asphalt of the 903 ---I_ Pad. In 
addition, the correspondence states that the contaminated area east of the 903 Pad, was covered 
with a base coarse material. 

- -.-. 

3.4.1.2 1975 Remediation Effort at the 903 Lip Area 

. .  . .  
3 g - -  

€ b m t h e - W p m .  In 1973, an aerial radiological survey detected radiological 
concentrations in the 903 Lip Area that were greater than 2,000 counts per minute (cpm). On 
May 13 and 14, 1975 personnel excavated two trenches in the 903 Lip Area as a pilot scale test 
for soil removal techniques. The locations of these trenches and depths of the excavations was 
not described by Barker (1982). Eight 55-gallon drums of soil were removed fiom the 903 Lip 
Area. Ambient air monitoring during excavation did not detect plutonium in concentrations that 
would endanger onsite workers, the public, or the environment. Based on the results of this 
removal effort, a plan for removing the plutonium contamination from the 903 Lip Area was 
developed and work commenced the sunmer of 1976. 

3.4.1.3 Removal of PlutGgium-Contamiiiated Soil from the 903 Lip Area During 1976 
and 1978 Barker 1982 ’) + 

In 1976, approxiiii y 113.3 cubic meters (4,000 cubic feet) of soil were removed from within 
the 903 Lip Areail. The removal operation was conducted within a 8 foot by 16 foot floorless 
metal building equipped with a high efficiciicy particulate air (HEPA) filter. Contaminated soil 
was hand excavated from one small area at a time and placed in plastic bags. The bags were 
placed in full crates for off site shipment and disposal. The excavated area was surveyed with a 
Field Instrument for the Detection of Low Energy Radiation (FIDLER). The process was 
repeated until contamination levels were below the “detection limit” of the FIDLER (-250 cpm 
in the Lip Area). The excavated area was covered with clean topsoil and re-seeded with native 
grasses. 

9/ 
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Soil removal activities were conducted again in 1978 wheQ an estimated 4,000 square meters 
(43,000 square feet) of soil that exceeded 2,000 cpm were-removed to a depth of approximately 
3.5 cm (1.4 in.): 
kffduzm Ki 2 igging was only conducted in areas that were inaccessible to heavy equipment. 
Prior to excavating soils the area was premoistened by a sprinkler system for three days. A 
moisture content of 15% was required prior to excavation activities to prevent dust generation. 
The report states that all soils in excess of 2,000 cpm, as determined by the FIDLER, were 
removed. Excavated areas were resurveyed and soil was removed until background (-250 cpm 
as determined by the FIDLER) was reached. All waste was packaged and shipped to the Nevada 
Test Site. The excavated area was bacltfilled and revegetated. Figure 3-17 provides the locations 
of areas where soil removal activities have completed under these remedial efforts. 

3.4.1.4 

J.8J Q 

lis effort utilized heavy equipment including a front end loader, grader and J. .. 

*JA\ntr 

1984gast Gate Soil Removal Project 

Anomalous results were being recorded in air monitors, S7, S8, and S9, positioned along the 
fence. A dust suppressant was placed on the ground to determine if the anomalies were a result 
of the resuspension of soil. The air monitor results dropped after the placement of the 
suppressant, and a removal action was implemented. In 1984, soil cleanup was performed along 
the eastern edge of the 903 Lip Area parallel to the fence (Setlock, 1984). Soils were removed 8 
to 10 feet on either side of the fence line from the previous inner east gate to 30 or 40 feet south 
of air sampler S-9, the southernmost air sampler. Soil was removed to a depth of one to two feet 
and the excavation was backfilled with clean topsoil. A total of 2 14 tri-wall pallets of 
contaminated soil was removed from the area. 

3.4.1.5 

While not &$:elated to the 903 Pad contamination source, an accelerated action for the 
removal of radionuclide-contaminated soils (hot spots) was conducted at six specific locations 
within OU1 (DOE. 1995). The hot spots were localized, shallow, contaminated soils that ClmO& 

contained substantial activities of either plutoniuiii/americium or uranium, as well as trace4 of 
organic compounds related to drum storage in IHSS 1 19.1. The Accelerated Response Action 
included excavating, containerizing, storing and disposing of the contaminated soils from the hot 
spots. Twenty-one 5 5-gallon drums of radionuclide-contaminated soils were removed under this 
action. The soils were transported and disposed &+Lae-€acility-k &ah. Figure 3- 18 provides the 
locations of soil samples which identified hot spots in OU1. 

Accelerated Response Action Completion Report. Hot Spot Removal, OU1 

(wjl- ,k 
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*dAL 3.4.1.6 Subsurface Soils 

Ryan’s Pit (IHSS 109) - Ryan’s Pit was used from approximately 1966 to 1970 for the disposal 
of VOCs and small quantities of debris (e.g. drum carcasses). vhe contamination is not 
associated with the contamination source at the 903 P a y  pit measures approximately 32 feet 
long and 18 feet wide. Results of previous envjl-sPnlie a1 investigationssidentified the pit 
as a significant c o i i t r i b u t v % - o f  grouT“;$- in the area 

- iI [;2LQ4.&.&A> A 9 3  t:p twea ‘ 

S. 

containers (RMRS, 1996). An additional roll-off container was filled with topsoil scraped off the 
surface prior to the start of excavation activities. These soils were treated usinAa low 
temperature thermal desorption unit. The removal action was conducted prior,the 
implementation of RFCA, however, the treated soils were below RFCA Tier I1 action levels for 
radionuclides and below programmatic risk-based preliminary remediation goals (PPRGs) which 
were based on the construction worker, subsurface soil scenario. 

4.0 

, were compared against RFCA Tier I 8urface soil contamination Inlralr.- 
soil action levels for the Buffer Zone (lijrpotiietical resident) to establish an estimate on the areal 
extent o@%&&;;lated soils requiring remediation. This scenario assumes an annual radiation 
dose of 85 millirem (mrem). Table 3- I prolridcs the Tier I action levels for the Buffer Zone 
hypothetical resident scenario. Figure 3-9 and 3-10 identify those areas that exceed the Tier I 
action levels. 

* T ” l i ; r , \  0 -  

%OIL RE h EDIATION VOLUME ESTIMATE 
2% 

pi\ auWirbt4 de%+ 

4.1 903 Pad Drum Storage Site 
,$*U hb*%ph +& 
, ,The 903 Pad Drum Storage Site will be reniediated to prevent potential future surface erosion 

and transport of contaminated soils from beneath the pad. The volume of contanpated soil 
beneath the 903 Pad, as well as the volunic of the asphalt pad itself, were-d, During 
initial remedial actions at the 903 Pad Drum Storage Site, approximately 20 cm of clean fill and 
a layer of asphalt were placed over contaminated soils. Although the 20 cm of fill may not be 
entirely contaminated, the entire volume is suspect and will require screening if excavated. In 
addition, data collected beneath the 903 Pad indicate radionuclide contamination above 250 dpm 
to, 66 cm. ’ dep th fKG i+ i ’ im  tbe volume of radionuclide 

hf- c o n t a m i n a t z m e d i a t e d  froin beneath the 903 Pad (asphalt) is estimated at 

LLt4l-A 

de 11,880 cubic yards. This estimate is basgon excavating soil materials beneath the cap (3.4 acres) 
to a depth of 66 c m  (26 in). 
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The volume of VOC contaminated soil~beneath~the 903 Pad is estimated at 13,300 cubic yards. 
This volume is based on data qdketed from groundwater monitoring w e l l 3 h  estimated:& 
area,&35 feet loiig, 85 feet wide, and 20 fcet deepesxxpkhg-&&memt. The volume calculation 
excludes the top 2 feet of materiak ia.d-de#-cts md-imud---”..--;--’-”. 

%. \jb8> 

p * p J * + b )  * - 

nJ I3 

: A n  

cfissuming a+&& asphalt thickness of 3 inches and a surface area of 3.4 acres, 1,370 cubic yards 
of asphalt pad will require disposal. The total estimated volume of soil and asphalt material 
requiring remediation within the 903 Pad area is 26,550 yd3(~&L %.i> 

4.2 903 Lip Area 

Within J3=€SS-.Ms, approximately 4.4 acres require remediation based 
upon the Tier I action levels for the Buffer Z o n e . l $ y . p & & M m .  CDH sampling results 
for Plot 28 (2.5 acres) exceeded Tier I action levels. Seventy-five percent (1.9 acres) of Plot 29 
lies within the 903 Lip Area. Plot 29 was identified as exceeding Tier I action levels for 
radionuclides froin RFP sampling method results. Further field screening would be required to 
further refine the volume of soils requiring remediation. For the purposes of this summary it was 

ci- j-*r --&L “t-l 

$&a y“8S L*fi+.- 

assumed that the entire plot exceeded the Tier I action level and requires remedial action,& a *&, * 
--“s& *n + y? .0 ?osff o ~ m r ~ , r )  FJ 

During initial remedial actions at the 903 Lip Area, an undetermined amount of imported base I--.’ 
I ..* 

coarse material was placed over contaminated surface soils. In an effort to determine the depth 
of the fill material, soil profile descriptioiffoni soil profile pits TR06, TR07, and TR08 
were examined. These pits were excavated in the 903 Lip Area. The log of TR06 indicated that 
the A soil horizon, 0-2 cm (0.8 in) was deposited as part of the remedial activities in 1969. The 
C horizon is described as a loose sandy loam and is interpreted to be natural soils. The log 
describing TR07 soils states that the topsoil was removed and backfilled with a sandy material. 
The log describes the A soil horizon, 0-2 cm (0-0.8 in), and C soil horizon, 2-13 cm (0.8-5.1 in.) 
as loose sand. This sand is interpreted to represent fill which is present to a depth of 5 inches at 
this location. Logs from TR08 describe the first 16 cin (6.3 in) as a loose sand, typical of the fill 
material. Soil profile sampling locations are provided on Figure 3-12. 

rl* 90, 

~, 

The CDH and RFP soil sampling methods collect samples 0.64 inches and 2 inches in depth, 
respectively. Surficial soil samples previously collected within the 903 Lip 
of the a material used to cover the contaminated soil surface, leaving 

I / O & w ,  surface uncharacterized. 1-d f i l l  materials at TR08 have been contaminated by 
radionuclides based on the fact the top 27 cm (1 1 in pf soil, which includes the fill material, 
exceed Tier I action levels at this location. The i w t  inaterial may have been contaminated by 
winds blowing contaminated soils back toward the pad from adjacent Plot 34, Plot 34 was 

$?ti 

identified as exceeding Tier I action Icvels based on the OU2 CDH samplin 

The results of the soil investigations indicate that outside the 903 Pad Drum Storage Site, over 90 
percent of the plutonium-239/240 and americium-24 1 contamination is confined to the upper 15 
cm (6 in) of soils. Soil sample results at soil profile pit TR08, located in the 903 Lip Area, 
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903 Pad (Soils) 
903 Lip Area 
Non-IHSS Locations 
Grand Total 

indicate the depth of contamination above Tier I action levels from the ground surface to 27 em 
(1 1 in). Numerous large cobbles and small boulders are present in the Rocky Flats Alluvium and 
excavation of surface soils is expected to be difficult. Therefore, a 12 in (1 ft) excavation depth 
was assumed as the extent to which soils will be remediated. Using this excavation depth, an 
estimated total volume of 7, IO0 cubic yards of contaminated surface soils would require 
remediation for the 4.4 acres exceeding the action level. 

3.4 13,300 11,880 25,180 
4.4 0 7,100 7,100 
8.1 0 13,068 13,068 
15.9 13,300 33,418 46,718 

A total of 8.1 acres have been prelimiiiarily identified outside the 903 Pad and 903 Lip Area 
requiring remediation. CDH sampling results for Plot 34 exceed Tier I action levels. RFP 
sampling method results identified Plots 46 and 36 as exceeding Tier I action levels. Twenty- 
five percent (0.63 acres) of Plot 29 lies within the 903 Pad Source Area-Non IHSS Location. As 
discussed above, the fact that the Rocky Flats sampling methodology only addressed a 3 square 
meter plot within the 2.5-acre plots. Therefore, hrtlier field screening would be required to refrne 
the volume of soil requiring remediation. For the purposes of this document it was assumed that 
the entire plot exceeded the Tier I action lcvel and requires remedial action. Assuming a 12 in 
depth for the excavation a total of 13,068 cubic yards of material will be excavated from the area. 

The total estimated volume of contaminated surface soil requiring remediation is 46,718 cubic 
yards. This volume estimate was rouiided LIP to 47,000 cubic yards for use in the evaluation of 
remediation process options and alternatives. Table 4- 1 presents the location and volumes of 
soils requiring remediation. 

tu)  

+OLUME OF IN SITU SOIUASPHAL- 
_ _ I _ _ _  _ -  - -- - - I  __-- 

.“ 

aXCEEDING RFCA TIER I ACTION LEVELS 
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FIGURE 3 - 3  Gamma-Ray Survey of Asphalt  Surface o f  903 Area Pad. The numbers 
represent only the r e l a t i v e  gamma-ray readings  a t  the pad surface. 
i n tege r  increment on the f i g u r e  represents  a change i n  counting r a te  o f  
1 to  2 percent. 
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FIGURE 3-4 AMERICIUM-241 PHOTOPEAK COUNT RATE ISOPLETH MAP 
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903 Drum Storage Site Data Summary 
OU2 Phase I1 RFI/RI Data 

Typical CDH and RFP Sampling Schemes 
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Figure 3-19 

903 Drum Storage Site Data Summary 
Ryan's Pit Site Map 



RMRS 903 Pad, Lip Area, and 
Surrounding Area Data Summary 

TABLES 

(Tables 2.1, 2.2, 2.3, 2.5,2.7, 2.8, and 3.1) 



TABLE 3-2 
SURF'ACE SOILS OU2 PHASE I1 RFI/RI 

CDH SAMPLING METHOD 
RF'CA TIER I SUM OF RATIO COMPAFUSON- RADIONUCLIDES 

0.0913 
0.0692 

0.2298 
0.1217 
0.071 0 
0.1840 

NS 

NS 
NS 
NS 
0.61 83 
0.0643 
0.0870 
0.1 100 

2.2550 
6.0650 

NS 

NS 
NS 
12.5100 
35.3280 
19.3220 
1.8550 
0.2567 
0.1220 
0.271 0 
1.3550 
9.3690 

270.4000 
89.5100 
27.6600 
3.4140 
5.5560 

1 5.8200 
164.1 000 
66.3000 
14.7360 
3.8560 
0.6400 
0.2830 
0.1500 

0.4728 
0.4682 

1.3100 
0.7238 
0.2900 
0.9090 

NS 

NS 
NS 
NS 

3.8830 
0.4517 
0.3970 
0.1870 

NS 
1 1.6400 
46.7170 

NS 
81.6500 

1 18.8550 
64.9660 
15.1600 
1.71 80 
1.2370 
1.2590 
5.7320 

52.3900 
1453.0000 
507.6000 
167.1000 
23.3900 
22.9710 

138.8330 
961.6000 
296.6000 
95.8330 
27.2680 
3.7880 
1.3910 
0.7910 

NS 

1.0240 
1.3700 

1.3380 
1.1380 
1.2000 
1.0500 

NS 

NS 
NS 
NS 
1.0980 
0.8288 
1.1000 
0.8100 

1.4140 
2.0900 

NS 

NS i 

NS 
1.2230 
2.9900 
1.71 00 
1.4750 
1.0140 
1.3000 
1.3000 
1.2600 
2.0600 
2.4660 
1.3380 
1.1270 
1.1030 
2.1700 
1.8000 
0.9941 
1.4420 
2.2600 
1.6400 
1.2000 
1.3000 
1.3000 

0.0128 
0.0663 

0.0640 
0.0263 
0.0750 
0.0500 

NS 

NS 
NS 
NS 

0.0322 
0.0356 
0.0920 
0.0200 

0.0520 
0.0900 

NS 

NS 
NS 

0.0802 
0.2800 
0.1300 
0.0518 
0.0524 
0.2000 
0.0260 
0.0400 
0.0800 
0.1794 
0.0988 
0.0432 
0.071 3 
0.1 100 
0.2300 
0.0728 
0.0695 
0.1600 
0.0500 
0.0990 
0.0270 
0.0310 

1.0520 
1.3780 

1.1650 
0.9698 
1.4000 
4.9600 

NS 

NS 
NS 
NS 

1.2300 
0.9932 
1.2000 
1.0900 

1.4120 
7.7400 

NS 

NS 
NS 

1.6220 
3.3000 
2. 400 
1.3340 
1,0050 
1.5000 
1.6000 
1.5200 
3.9300 
7.2550 
1.9830 
1.5870 
1.2050 
2.4600 
1.9400 
2.2320 
1.831 0 
1.5500 
1.8800 
1.2000 
1.3000 
1.5000 

0.0032) 
0.0043 

0.0052 
0.0036 
0.0042 
0.0109 

0.0086 
0.0031 
0.0040 
0.0031 

0.0222 
0.0760 

0.1194 
0.2569 
0.1409 
0.0227 
0.0051 
0.0062 
0.0058 
0.01 39 
0.0887 
2.2896 
0.7764 
0.2493 
0.0355 
0.0482 
0.1768 
1.441 1 
0.5204 
0.1407 
0.0415 
0.0091 
0.0055 
0.0048 
0.0047 0.14301 0.74801 1.40001 0.0910( 1.20001 1 



PT043 
PT044 
PT045 
PT046 
PT047 
PT048 
PT049 
PT050 
PT051 
PT052 
PT053 
PT054 
PT055 
PT056 
PT057 
PT058 
PT059 
PT060 
PT061 
PT062 
PT063 
PT064 
PT065 
PT066 
PT067 
PT068 
PT069 
PT070 
PT07 1 
PT072 
PT073 
PT074 
PT075 
PT076 
PT077 
PT078 
PT079 
PT080 
PT081 
PT082 
PT083 
PT084 
PT085 
PT086 
PT087 
PT088 
PT089 
PT090 

0.0043 
0.0041 
0.0502 
0.2348 
0.4616 
0.2347 
0.1353 
0.1584 
0.0053 
0.0049 
0.0168 
0.0809 
0.2206 
0.1182 
0.0439 
0.0131 
0.01 35 
0.0055 
0.0038 
0.0408 
0.1470 
0.0044 
0.0047 
0.0265 
0.0547 
0.1406 
0.0433 
0.0146 
0.0094 
0.0046 
0.0503 
0.0263 
0.0219 
0.0050 
0.0069 
0.0169 
0.0365 
0.0491 
0.0215 
0.0054 
0.0095 
0.0057 
0.0062 
0.0087 
0.01 57 
0.0198 
0.0328 
0.0075 
0.0048 

* 

0.1320 
5.8400 

26.3400 
54.1800 
25.5500 
9.4980 
4.681 0 
0.1920 
0.1840 
1.4220 
6.8350 

20.9160 
11.9980 
5.0640 
1.1130 
0.8770 
0.2200 
0.0970 
4.61 30 

15.3990 
0.0690 
0.2660 
3.7030 
5.9550 

13.5320 
3.2120 
0.9730 
0.5010 
0.0870 
5.9390 
2.1690 
2.2490 
0.1856 
0.4890 
1.2020 
2.9130 
5.2960 
2.0910 

Rejected 
0.641 8 
0.2640 
0.4346 
0.6212 
1.7030 
1.7730 
3.5380 
0.3853 
0.1594 

0.20401 
0.5090 

21.9250 
154.3000 
294.2000 
160.5000 

123.8 
191.1 

0.3860 
0.7470 
7.3370 

61.3710 
169.5270 
82.8590 
19.1770 
7.1870 
5.01 50 
1.6570 
0.4120 
9.8560 

98.3490 
0.5200 
0.6390 
7.5080 

29.2570 
101.6460 
24.874 0 
7.8710 
3.2200 
0.5870 

26.1000 
13.9700 
10.4930 
1.1650 
2.5380 
8.9720 

26.1 100 
24.5150 
11.7970 
3.4420 
5.5550 
1.5210 
2.1220 
4.1960 
7.1500 

12.4300 
18.5100 
2.3660 
1.1010 

0.33601 1.4000 
1.1000 
3.4400 
1.2530 
1.1020 
1.061 0 
1.1750 
0.8448 
1.2000 
1.3000 
2.8000 
2.2400 
1.4900 
1.1000 
2.3000 
1.1790 
1.6000 
1.3000 
1.3000 
1.8600 
2.41 00 
1.3000 
1 .oooo 
1.2000 
2.0500 
2.5600 
3.4000 
0.9900 
2.0000 
1.5000 
1.5000 
2.2000 
1.5000 
1.261 0 
1.1760 
3.5810 
1.2790 
2.2000 
1.4000 
1.0370 
1.1030 
1.2940 
1.0370 
1.1430 
0.9243 
1.2410 
1.4000 
1.3370 
1.2540 

0.0300 
0.0590 
0.1900 
0.0656 
0.0592 
0.1059 
0.1028 
0.0332 
0.1600 
0.0970 
0.0770 
0.1700 
0.0700 
0.1000 
0.3600 
0.0472 
0.3800 
0.0540 
0.0310 
0.0700 
0.1300 
0.1200 
0.0760 
0.0980 
0.1 100 
0.0900 
0.6800 
0.0340 
0.0990 
0.1600 
0.0410 
0.2200 
0.1100 
0.0909 
0.0302 
0.1504 
0.0972 
0.4300 
0.0660 
0.0663 
0.0156 
0.0341 
0.0376 
0.0389 
0.0313 
0.0398 
0.0266 
0.0765 
0.0627 

1.2000 
I .2000 
2.5400 
1.8450 
1.5240 
1.2890 
1.7740 
1.2420 
1.3000 
1.2000 
1.7000 
2.1400 
1.9200 
1.8000 
1.7000 
1.1190 
1.3000 
1.3000 
1.2000 
2.2600 
2.4700 
1.2000 
1.1000 
1.5000 
2.6400 
2.5800 
2.3000 
2.2000 
1.7000 
0.9900 
1 .goo0 
2.1000 
1.4000 
1.1170 
1.1320 
1.0830 
1.8870 
1.7000 
1.3000 
1.1130 
1 .I 160 
1.421 0 
1.0370 
1.1410 
1.2060 
1.1080 
1.3830 
1.6110 
1.2090 



PT091 
PT092 
PT093 
PT094 
PT095 
PT096 
PT097 
PT098 
PT099 
PTIOO 
PTIOI 
PT102 
P T I  03 
P T I  04 
P T I  05 
P T I  06 
P T I  07 
PT108 
PT109 
PT l lO 
PT111 
P T I  12 
PT113 
P T I  14 
PT115 
PT116 
PT117 
PT118 
PT119 
P T I  20 
PT121 
P T I  22 
PT123 

IPTl24 
NS 

0.01 59 
0.5346 
0.8739 
3.3610 
1.3240 
0.4944 
0.2409 
0.0232 
0.01 52 
0.61 33 
0.5262 
0.5983 
0.0714 
2.5260 
0.5423 
2.3790 
1.0720 
0.3588 
0.21 53 
0.9958 
0.0053 
0.1936 
0.5409 
1.3010 
0.1312 
0.0435 
0.0285 
0.0926 
0.4747 
0.381 1 
0.8226 
0.2625 
0.2151 

0.0751 
2.8320 
6.6090 

17.1 800 
8.4290 
3.1210 
1.581 0 
0.1822 
0.0751 
5.8870 
2.1980 
3.1130 
0.4467 
2.2410 
2.2990 

11.5000 
6.6670 
1.7450 
1.3690 
7.281 0 
0.0484 
1.2450 
3.4850 
8.9330 
0.8546 
0.1194 
0.0833 
0.5577 
2.3580 

12.8400 
4.4370 
2.2290 
1.0540 

0.8912 
1.3300 
1 ,0440 
1.1470 
1.2380 
1.301 0 
1.4170 
1.1010 
0.8166 

Rejected 
0.971 7 
1.0830 
1.0750 
1.3990 
0.9937 
1.2230 
0.8586 
1.2080 
1.0800 
1 .oooo 
1.0340 
0.8736 
1.1330 
1.2540 
1.0570 
0.9250 
1.081 0 
0.9724 
1.1940 
0.8758 
1.2460 
1.0830 
0.9344 

0.0083 
0.0218 
0.0318 
0.0666 
0.0324 
0.0790 
0.0384 
0.0160 
0.0064 

Rejected 
0.0287 
0.0229 
0.0196 
0.0123 
0.0099 
0.0560 
0.0356 
0.0408 
0.0457 
0.0247 
0.0458 
0.0177 
0.0206 
0.0449 
0.0384 
0.0190 
0.071 3 
0.0569 
0.0538 
0.0286 

-0.0037 
0.1244 
0.0200 

1.2100 
1.0090 
1.1370 
1.3010 
1.3700 
1.2770 
0.9214 
1.0490 

Rejected 
0.9831 
1.0200 
0.9922 
1.3080 
1.0530 
1.2230 
0.9161 
1.461 0 
1.1430 
0.8337 
1.0730 
0.8905 
1.0650 
1.1200 
1.1970 
I .0930 
1.01 90 
0.9224 
0.9829 
1.1780 
1.0120 
1.1420 
1.3690 

0.0075 
0.01 12 
0.0307 
0.01 52 
0.0082 
0.0055 
0.0026 
0.0024 
0.0070 
0.0064 
0.0075 
0.0031 
0.0164 
0.0066 
0.0223 
0.0120 
0.0064 
0.0049 
0.01 19 
0.0028 
0.0039 
0.0076 
0.01 53 
0.0041 
0.0028 
0.0031 
0.0034 
0.0066 
0.01 35 
0.0093 
0.0063 
0.0048 

0.0474) 0.1 821 I 0.72951 0.07891 0.90921 0.0029 I 
Jot Sampled. 

Rejected Data validated as rejected 



TABLE 3-3 

OU2 PHASE I1 RFI/RI 

SURFACE SOILS - RFP SAMPLING METHOD 
FWCA TIER I SUM OF RATIO COMPARISON- RADIONUCLIDES 

PTOOO 
PTOOI 
PT002 
PT003 
PT004 
PT005 
PT006 
PT007 
PT008 
PT009 
PTOlO 
PTOI 1 
PTO 12 
PT013 
PT014 
PTOl5 
PTOI 6 
PTOl7 
PTO 18 
PTOl9 
PT020 
PT021 
PT022 
PT023 
PT024 
PT025 
PT026 
PT027 
PT028 
PT028 
PT029 
PT030 
PT031 
PT032 
PT033 
PT034 
PT035 
PT036 
PT037 
PT038 
PT039 
PT040 
PT04 1 

0.0390 
N S  

0.5345 
0.1394 
0.0740 

NS 
N S  
N S  

0.7393 
0.6870 
0.0580 
0.1183 

ND 
N S  

Rejected 
2.0690 

N S  
NS 

22.0000 
3.4000 

10.5300 
3.8340 
0.1460 
0.1545 
0.2454 

ND 
ND 

Rejected 
1 IG.0000 
160.0000 
38.0000 
0.641 9 

10.5500 
ND 

Rejected 
26.0000 
34.0000 
3.9680 
0.0870 
0.1035 
0.0466 

0.0730 
N S  

2.2410 
0.3491 
0.2430 

N S  
N S  
N S  

5.4710 
3.831 0 
0.2700 

Rejected 
ND 
N S  

18.9400 
21.1600 

N S  
NS 

120.0000 
23.0000 
59.6300 
36.7800 
1.7760 
0.8933 
1.4160 

ND 
ND 

380.0000 
Rejected 
950.0000 
280.0000 

4.7660 
44.7150 

ND 
Rejected 
380.0000 

5700.0000 
17.6200 
0.61 00 
0.6869 
0.3520 

0.06701 0.57801 

0.0002 

0.0041 
0.0009 
0.0005 

0.0073 
0.0059 
0.0005 
0.0006 

0.01 33 
0.0244 

0.1863 
0.0319 
0.0907 
0.0436 
0.001 9 
0.0013 
0.0021 

0.2659 
0.51 16 
1.4090 
0.3727 
0.0063 
0.0804 

0.3869 
4.1469 
0.0308 
0.0008 
0.001 0 
0.0005 
0.0007 



PT042 
PT043 
PT044 
PT045 
PT046 
PT047 
PT048 
PT049 
PT050 
PT05 1 
PT052 
PT053 
PT054 
PT055 
PT056 
PT057 
PT058 
PT059 
PT060 
PT06 1 
PT062 
PT063 
PT064 
PT065 
PT066 
PT067 
PT068 
PT069 
PT070 
PT071 
PT072 
PT073 
PT074 
PT075 
PT076 
PT077 
PT078 
PT079 
PT080 
PT081 
PT082 
PT083 
PT084 
PT085 
PT086 
PT087 
PT088 
PT089 
PT090 

ND 
ND 

Rejected 
Rejected 

ND 
ND 

Rejected 
0 0815 
0 1297 
12980 
4 1540 

Rejected 
Rejected 
Rejected 

0 6135 
0 4869 
0 2760 
0 0733 

Rejected 
N S  

0 0738 
0 2702 
0 1949 

54 0000 
Rejected 

4 3000 
0 9680 
0 4092 
0 1400 
2 0690 

Rejected 
2 1540 
0 1647 
0 3599 
0 8293 
5 2880 
3 7100 
16610 
0 8440 
0 4740 
0 1750 
0 3089 
0 8996 
0 9303 
2 0730 
3 1350 

ND 

ND 
ND 

260.0000 
7300.0000 

ND 
ND 

29.0000 
0.21 10 
0.5325 
5.9450 

19.9900 
120.0000 
200.0000 

6.4000 
4.4350 
4.3920 
0.9890 
0.4237 
2.7000 

N S  
0.1960 

Rejected 
1.3850 

57.0000 
47.7800 
23.0000 
12.1 780 
2.461 0 
0.4520 

1 1.5800 
31 .OOOO 
10.8400 
1.3990 
1.6370 
5.4980 

29.1750 
22.9600 
8.7360 
5.9960 
3.4840 
1.4270 
1 .5790 
3.3510 
8.7430 

10.2950 
20.3440 

ND 

0.1819 
5.1085 

0.0203 
0.0005 
0.0010 
0.0102 
0.0333 
0.0840 
0.1400 
0.0045 
0.0060 
0.0053 
0.0020 
0.0006 
0.0019 

0.0005 
0.001 3 
0.001 9 
0.291 1 
0.0334 
0.0361 
0.0130 
0.0036 
0.001 0 
0.0177 
0.021 7 
0.0176 
0.001 7 
0.0028 
0.0077 
0.0450 
0.0333 
0.0138 
0.0081 
0.0046 
0.0018 
0.0025 
0.0065 
0.0104 
0.0168 
0.0288 

0.3 1661 2.0810) 0.00291 



PT091 
PT092 
PT093 
PT094 
PT095 
PT096 
PT097 
PT098 
PT099 
P T I  00 
PTIOI  
P T I  02 
P T I  03 
P T I  04 
P T I  05 
P T I  06 
PT107 
P T I  08 
PT109 
PT110 
PT111 
P T I  12 
PT113 
P T I  14 
P T I  15 
PT116 
PT117 
PT118 
PT119 
P T I  20 
PT121 
PT122 
PT123 
PT124 

4s 

0.0542 
0.3051 
1.271 0 
2.9240 
0.8649 
0.3733 

Rejected 
0.0440 
0.0850 
1.5700 
0.5694 
3.1030 
0.1 100 
0.4717 
0.2401 
2.3260 
0.5259 
0.3790 
0.2255 
0.3090 
0.01 10 
0.4920 
1.4570 
0.7478 
0.0862 
0.0450 
0.0391 

Rejected 
0.3004 
0.9913 
0.5877 
0 3948 
0.1201 

0.2664 
2.1210 
6.8990 

13.8120 
5.0620 
8.4480 
2.5070 
0.1980 
0.0960 
0.7760 
2.3150 

50.3000 
0.231 0 
2.9390 
1.8210 

11.7010 
3.1380 
2.7090 
1.4550 
1.5020 
0.0440 
1.5420 
5.7970 
4.4720 
0.6100 
0.2740 
0.2504 
0.6567 
1.7080 
7.1980 
2.6130 
2.2620 
0.9148 

0.0004 
0.0029 
0.0107 
0.0233 
0.0076 
0.007E 
0.001e 
0.0003 
0.00015 
0.0078 
0.0043 
0.0496 
0.0007 
0.0043 
0.0024 
0.019c 
0.0046 
0.0037 
0.0021 
0.0025 
0.0001 
0.0034 
0.01oe 
0.006E 
0.oooe 
0.0004 
0.0004 
0.0005 
0.002E 
0.0096 
0.004E 
0.0034 
0.001i 

0 03291 0.2820 1 0.0004 
Jot Sampled 

ND Not Data 



TABLE3-6 

SURFACE SOILS 
OU1 PRASE 111 RFI/RI 

RFCA TIER 1 SUM OF RATIO COMPARISON- RADIONUCLIDES 

RAOIO 
RAOll  
RAOl1 
RA012 
RAOl3 
RAO 14 
RAO 1 5 
RAOl5 
RAO 16 
RAOl7 
RAOl8 
RA019 
RA020 
RA02 1 
RA022 
RA023 
RA024 
RA025 
RA026 
RA027 
RA028 
RA029 
RA030 
RA03 1 
RA03 1 
RA032 
RA032 
RA033 
RAO 3 3 
RA034 
RA035 
RA036 
RA037 
RA037 

{ejected 

Rejected 
Rejected 

0.0129 
0.1240 
0.0390 

Rejected 
Rejected 

0.1440 
Rejected 

0.4900 
0.2627 
0.1917 

Rejected 
0.2849 
1.1480 
1.6720 
1.9440 
0.1200 
0.6640 
0.0137 
0.4420 
0.2470 
0.5370 
0.7160 
0.1280 
0.0950 
0.0970 
0.0770 
0.7140 
0.1540 
0.0230 
0.0300 
0.0490 

1.0630 
1.1750 
0.0677 
0.6600 
0.1050 
0.2249 
1.3C90 
0.5830 
0.5944 
3.0020 
1.5530 
0.9275 
0.41 65 
2.0890 
7.0840 

11.0800 
12.9900 
1.0430 
9.6950 
0.0907 
2.3850 
1.0030 
3.0440 
5.8590 
0.7350 
0.5270 
0.6720 
0.4000 
1.3420 
0.5950 
0.0980 
0.0950 
0.1150 

0.8350 
0.7814 
1.1480 
0.7370 
0.9720 
1.5300 
1.2620 
0.6780 
0.761 1 
1.2500 
1.1600 
0.9581 
1.6620 
1.2870 
1.4620 
1.6020 
1.4900 
1.0450 
1.1920 
1.2960 
1.2660 
1.2340 
1.2150 
0.9730 
1.0560 
1.2540 
1.2280 
1.51 00 
1.0590 
1.2230 
0.8820 
0.91 50 
1.1760 

0.0176 
0.0523 
0.0584 
0.061 0 
0.1040 
0.0406 
0.0791 
0.0330 
0.0570 
0.0530 
0.0243 
0.0790 
0.0340 
0.0905 
0.0808 
0.0390 

0.0330 
0.0290 
0.0086 
0.0530 
0.0300 
0.0580 
0.0870 
0.0380 
0.0840 
0.1220 
0.0850 
0.0260 
0.0530 
0.0640 
0.1170 
0.0680 

-0.0060 

0.71 36 
0.9987 
1.0280 
0.9000 
0.8500 
1.5680 
1.3650 
0.7640 
0.8466 
1.1830 
1.1690 
0.9509 
1.7690 
I .4790 
1.5710 
1.7320 
I .4480 
1.31 90 
1.1800 
1.5020 
1.1290 
0.9400 
1.5800 
1.4180 
1.3190 
1.2890 
2.1990 
1 SI00 
1.0120 
1.2850 
0.6260 
0.9770 
1.1760 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0.00 
0.00 
0.01 
0.01 
0.02 
0.02 
0.00 
0.01 
0.00 
0.01 
0.00 
0.01 
0.01 
0.00 
0.00 
0.01 
0.00 
0.01 
0.00 
0.00 
0.00 
0.00 

I I I I 1 

lata Validated as Rejected. 



TABLE 3-4 

SOIL PROFILE PITS 1-26 
TRENCH SAMPLING METHOD 

OPERABLE UNIT N0.2 PHASE I1 RFI/RI 
RFCA TIER I SUM OF RATIO COMPARISON - RADIONUCLIDES 

TROI 
TRO 1 
TROI 
TROI 
TRO 1 
TROl 
TROI 
TRO 1 
TROl 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 

TR00341 WCU2 
TR00342WCU2 
TR00343WCU2 
TR00344WCU2 
TR00345WCU2 
TR00346WCU2 
TR00347WCU2 
TR00348WCU2 
TR00349WCU2 
TR00350WCU2 
TR00393WCU2 
TR00395WCU2 
TR00396WCU2 
TR00397WCU2 
TR00399WCU2 
TR00400WCU2 
TR00401 WCU2 
TR00402WCU2 
TR00403WCU2 
TR00404WCU2 
TR00372WCU2 
TR00373WCU2 
TR00374WCU2 
TR00375WCU2 
TR00376WCU2 
TR00377WCU2 
TR00378WCU2 
TR 0 0 3 7 9 WC U 2 
TR00380WCU2 
TR00381 WCU2 
TR00386WCU2 
TR00389 WC U2 
TR00390WC U2 
TR00413WCU2 
TR004 14WCU2 
TR00415WCU2 
TR00416WCU2 
TR00417WCU2 
TR00418WCU2 
TR00419WCU2 
TR00420WCU2 
T ROO4 2 1 WC U 2 
TR00422WCU2 

0.0030 
0.0032 
0.0027 
0.0035 
0.0050 
0.0121 
0.0294 
0.1129 
0.1312 
0.1681 
0.0030 
0.0023 
0.0021 
0.0039 
0.0160 
0.0679 
0.0904 
0.1744 
0.3549 
0.3339 
0.0032 
0.0024 
0.0029 
0.0049 
0.01 16 
0.0125 
0.3595 
0.3521 
0.4124 
0.2253 
0.0037 
0.0034 
0.0031 
0.0015 
0.0032 
0.0035 
0.0035 
0.0071 
0.0129 
0.1367 
0.451 7 
0.621 9 
0.8893 



TR04 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR06 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TRIO 
TRIO 
TRIO 
TRIO 
TRIO 
TRIO 
TRIO 
TRIO 

TR00431 WCU2 
TR00358WCU2 
TR00359WCU2 
TR00360WC U2 
TR00361 WCU2 
TR00362WCU2 
TR00363WCU2 
TR00364WCU2 
TR00365WCU2 
TR00366WCU2 
TR00367WCU2 

Samples Not Analyzed 
TR00307WCU2 
TR00308WCU2 
TR00309WCU2 
TR00310WCU2 
TR00311 WCU2 
TR00312WCU2 
TR00313WCU2 
TR00314WCU2 
TR00315WCU2 
TR00316WCU2 
TR00323WCU2 
TR00324WCU2 
TR0032 5 WC U 2 
TR00326WCU2 
TR00327WCU2 
TR00328WCU2 
TR00329WCU2 
TR00330WCU2 
TR00331 WCU2 
TR00332WCU2 
TR00291 WCU2 
TR00292WCU2 
TR00293WCU2 
TR00294WCU2 
TR00295WCU2 
TR00296WCU2 
TR00297WCU2 
TR00298WCU2 
TR00299WCU2 
TR00300WC U2 
TR00171 WCU2 
TROOl72WCU2 
TR00173WCU2 
TR00174WCU2 
TROOl75WCU2 
TR00176WCU2 
TROOl77WCU2 
TROOl78WCU2 

0.0016 
0.0018 
0.0046 
0.0392 
0.0395 
0.1407 
0.21 18 
0.4376 
0.4295 
0.7886 

0.0015 
0.0031 
0.0028 
0.0067 
0.0105 
0.0323 
0.2907 
0.0365 
0.0514 
0.0288 
0,0099 
0.0013 
0.0165 
0.41 19 
2.2325 
2.0584 
7.6719 
3.2540 
3.2948 
7.7843 
0.0037 
0.0021 
0.0033 
0.0031 
0.0057 
0.0141 
0.0441 
0.0966 
0.251 0 
0.251 3 
0.0022 
0.0028 
0.0030 
0.0037 
0.0017 
0.0025 
0.0035 
0.0056 



TRIO 
TRIO 
TRIO 
TR11 
TR11 
TR11 
TRI 1 
TR11 
TR11 
TR11 
TR11 
TRI 1 
TRI 1 
TR11 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR15 
TR15 
TR15 
TR15 
TR15 
TR15 

TROOl79WCU2 
TROOl80WCU2 
TR00181WCU2 
TR00274WCU2 
TR00275WCU2 
TR00276WCU2 
TR00277WCU2 
TR00278WCU2 
TR00279WCU2 
TR00280WCU2 
TR00281 WCU2 
TR00282WCU2 
TR00283WCU2 
TR00284WCU2 
TR00256WCU2 
TR00257WCU2 
TR00258WCU2 
TR00260WCU2 
TR00262WCU2 
TR00263WCU2 
TR00264WC U2 
TR00265WCU2 
TR00266WCU2 
TR00267WCU2 
TR00104WCU2 
TR00105WCU2 
TROOI 06WCU2 
TROOI 07WCU2 
TR00108WCU2 
TROOl09WCU2 
TROOI 1OWCU2 
TROOI 11 WCU2 
TROOI 12WCU2 
TROOI 13WCU2 
TR00239WCU2 
TR00240WCU2 
TR00241 WCU2 
TR00242WCU2 
TR00243WCU2 
TR00244WCU2 
TR00245WCU2 
TR00246WCU2 
TR00247WCU2 
TR00248WCU2 
TROOl22WCU2 
TROOl23WCU2 
TR00124WCU2 
TR00125WCU2 
TROOI 26WCU2 
TR00127WCU2 

0.0062 
0.0343 
0.0569 
0.0027 
0.0031 
0.0023 
0.0034 
0.0037 
0.0051 
0.0050 
0.0171 
0.0289 
0.0813 
0.1386 
0.0042 
0.0026 
0.0023 
0.0023 
0.0024 
0.0089 
0.0428 
0.0504 
0.131 1 
0.5773 
0.0027 
0.0021 
0.0026 
0.001 1 
0.0016 
0.0021 
0.0027 
0.0036 
0.0060 
0.0100 
0.0016 
0.0016 
0.001 0 
0.0008 
0.0042 
0.0056 
0.0074 
0.0084 
0.01 11 
0.0291 
0.0167 
0.0030 
0.0025 
0.0014 
0.0005 
0.0026 



TR15 
TR15 
TR15 
TR15 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR19 
TR19 
TR19 
TR19 
TR19 
TR19 
TR19 
TR19 
TR19 
TRI 9 
TR20 
TR20 
TR20 
TR20 
TR20 
TR20 

TR00129WCU2 
TROOI 3OWCU2 
TROOl31 WCU2 
TR00071 WCU2 
TR00072WCU2 
TR00073WCU2 
TR00074WCU2 
TR00075WCU2 
TR00076WCU2 
TR00077WCU2 
TR00078WCU2 
TR00079WCU2 
TR00080WCU2 
TR00155WCU2 
TROO 156WC U2 
TR00157WCU2 
TR00158WCU2 
TR00159WCU2 
TR00160WCU2 
TROOI 61 WCU2 
TR00162WCU2 
TR00163WCU2 
TROOI 64WCU2 
TR00086WCU2 
TR00087WCU2 
TR00088WCU2 
TR00089WCU2 
TR00090WCU2 
TR00091 WCU2 
TR00092WCU2 
TRO0093WCU2 
TR00094WCU2 
TR00095WCU2 
TR00139WCU2 
TROOl4OWCU2 
TR00141 WCU2 
TROOl42WCU2 
TR00143WCU2 
TROOl44WCU2 
TROO 145 WCU2 
TR00146WCU2 
TROOI 47WCU2 
TR00148WCU2 
TR00051 WCU2 
TR00052WCU2 
TR00053WCU2 
TR00054WCU2 
TR 0 00 5 5WC U 2 
TR00056WCU2 

0.0045 
0.0053 
0.0036 
0.01 16 
0.0025 
0.0031 
0.0029 
0.0020 
0.0050 
0.0041 
0.0065 
0.0066 
0.0093 
0.0109 
0.0062 
0.0044 
0.0029 
0.0058 
0.0086 
0.0056 
0.0061 
0.0082 
0.0346 
0.1604 
0.0066 
0.0098 
0.0130 
0.0069 
0.0080 
0.0093 
0.0094 
0.0055 
0.0092 
0.0197 
0.01 16 
0.0081 
0.0065 
0.0083 
0.0075 
0.0091 
0.0062 
0.0122 
0.01 34 
0.0135 
0.0141 
0.0053 
0.0193 
0.0027 
0.0045 
0.0072 



TR20 
TR20 
TR20 
TR20 
TR2 1 
TR2 1 
TR2 1 
TR2 1 
TR2 1 
TR2 1 
TR2 1 
TR2 1 
TR2 1 
TR2 1 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR25 
TR25 
TR25 
TR25 

TR00057WC U2 
TR00058WCU2 
TR00059WCU2 
TR00060WCU2 
TROOOOI WCU2 
TR00002WCU2 
TR00003WCU2 
TR00004WCU2 
TR00005WCU2 
TR00006WCU2 
TR00007WCU2 
TR00008WCU2 
TR00009WCU2 
TR0001OWCU2 
TROOOI 6WCU2 
TROOOI 7WCU2 
TR00018WCU2 
TROOOI 9WCU2 
TR00020WCU2 
TR00021 WCU2 
TR00022WCU2 
TR00023WCU2 
TR00024WCU2 
TR00025WCU2 
TR00026WCU2 
TR00034WCU2 
TR00035WCU2 
TR00036WCU2 
TR00037WCU2 
TR00038WCU2 
TR00039WCU2 
TR00041 WCU2 
TR00042WCU2 
TR00043WCU2 
TR00044WCU2 
TR00050WC U2 
TROOI 89WCU2 
TROOI 9OWCU2 
TROOI 91 WCU2 
TROOI 92WCU2 
TROOI 93WCU2 
TROO194WCU2 
TROOl 95WCU2 
TROOI 96WCU2 
TR00197WCU2 
TR00206WCU2 
TR00223WCU2 
TR00224WCU2 
TR00225 WC U2 
TR00226WCU2 

0.0050 
0.0059 
0.0091 
0.0095 
0.0029 
0.2006 
0.4591 
0.0029 
0.0027 
0.0032 
0.0028 
0.0036 
0.0037 
0.0095 
0.0044 
0.0032 
0.001 1 
0.0027 
0.0007 
0.0032 
0.0041 
0.0085 
0.0031 
0.0102 
0.0061 
0.0043 
0.0044 
0.0389 
0.0299 
0.0093 
0.0059 
0.0102 
0.0084 
0.0028 
0.0031 
0.0048 
0.0024 
0.0018 
0.0016 
0.0031 
0.0031 
0.0037 
0.0037 
0.0051 
0.0048 
0.0022 
0.0058 
0.0077 
0.0096 
0.0108 



TR25 
TR25 
TR25 
TR25 
TR25 
TR25 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 

Trench TR06 was samr 

TR00227WCU2 
TR00228WCU2 
TR00229WCU2 
TR00230WCU2 
TR00231 WCU2 
TR00233WCU2 
TR00207WCU2 
TR00208WCU2 
TR00209WCU2 
TR0021 OWCU2 
TR00211 WCU2 
TR00212WCU2 
TR00213WCU2 
TR00214WCU2 
TR00215WCU2 
TR00216WCU2 

0.01 15 
0.01 17 
0.0135 
0.01 19 
0.01 53 
0.0157 
0.0066 
0.0096 
0.0105 
0.0101 
0.0069 
0.0124 
0.0152 
0.0150 
0.0170 
0.0190 

?d but not analyzed because activity 
exceeded DOT shipping requirements. 



TABLE 3-8 

SUBSURFACE SOIL SAMPLES 
OPERABLE UNIT N0.2 PHASE I & I1 RF'I/RI 

FWCA TIER I SUM OF RATIOS COMPARISON - RADIONUCLIDES 

BH2287 
BH2287 
BH2287 
BH2287 
BH2387 
BH2387 
BH2387 
BH2487 
BH2487 
BH2487 
BH2487 
BH2687 
BH2687 
BH2687 
BH2787 
BH2787 
BH2787 
BH2887 
BH2887 
BH2887 
BH2887 
BH2887 
BH2987 
BH2987 
BH2987 
BH2987 
BH3087 
BH3087 
BH3087 
BH3087 
BH3087 
B315289 
B315289 
B315289 
831 5289 
831 5289 

29 1 
6591 
6591 
6591 
6591 
6591 
6591 

BH22870009 
BH22871018 
BH2287 1 OWS 
BH228720CT 
BH228722BR 
BH23870008 
BH238708CT 
BH238711 BR 
BH24870002 
BH248705CT 
BH248708BR 
BH24871OWS 
BH26870003 
BH268703CT 
BH268706BR 
8H27870010 
BH27871 OCT 
BH278713BR 
BH288700VVT 
BH28870104 
BH288705WS 
BH288706CT 
BH288709BR 
BH29870010 
BH298713CT 
BH298716BR 
BH298717VVT 
BH30870010 
BH30871020 
BH308710WS 
BH308720VVT 
BH3087258R 
5989BR0003 
5989BR0306 
5989BR0711 
5989BR1115 
5989BR1518 

B H 00574WCU2 
BH01249WCU2 
BH01251 WCU2 
BH01255WCU2 
BHOl257WCU2 
B HO 1 260WC U2 
BHOl262WCU2 

0.001 
0.001 
0.00 1 
0.000 
0.001 
0.002 
0.001 
0.001 
0.118 
0.002 
0.002 
0.001 
0.1 16 
0.003 
0.002 
0.005 
0.001 
0.002 
0.006 
0.002 
0.002 
0.003 
0.006 
0.002 
0.002 
0.001 
0.001 
0.230 
0.001 
0.002 
0.001 
0.001 
0.019 
0.002 
0.001 
0.002 
0.001 
0.01 7 
0.002 
0.002 
0.002 
0.004 
0.002 
0.002 



6591 
6591 
6691 
6691 
6691 
6691 
6691 
679 1 
6791 
6791 
6791 
6791 
6891 
6891 
6991 
6991 
6991 
6991 
6991 
6991 
7091 
7091 
7191 
7191 
7191 
7191 
729 1 
7291 
7291 
7291 
7391 
7391 
7391 
7591 
7591 
7491 
7491 
7691 
869 1 
8691 
8691 
8691 
8791 
8791 
8791 
8791 
8791 
8891 
8891 

BH01268WCU2 
BH01270WCU2 
BH00518WCU2 
BH00520WCU2 
BH00522WCU2 
B H00524 WC U2 
BH00525WCU2 
BH00490WCU2 
BH00493WCU2 
BH00496WCU2 
BH00499WCU2 
B H 0050 1 WC U 2 
BH00540WCU2 
BH00543WCU2 
BH00701 WCU2 
BH00702WCU2 
BH00706WCU2 
BH00708WCU2 
BH0071OWCU2 
B H 007 1 4 WC U2 
BH00484WCU2 
BH00486WCU2 
BH00979WCU2 
BH00982WCU2 
BH00985WCU2 
BH00987WCU2 
BH00718WCU2 
BH00719WCU2 
BH00721 WCU2 
BH00723WCU2 
BH00475WCU2 
BH00477WCU2 
BH00480WCU2 
BH01227WCU2 
BH01229WCU2 
BHOl233WCU2 
BHO 1 235WC U2 
BH01204WCU2 
BH00530WCU2 
BH00533WCU2 
BH00536WCU2 
BH00537WCU2 
BH00505WCU2 
BH00507WCU2 
BH00510WCU2 
B H005 1 2WC U2 
BH00514WCU2 
B H00550WC U2 
B H00552WC U 2 

0.003 
0.004 
0.002 
0.083 
0.01 1 
0.003 
0.002 
0.003 
0.003 
0.002 
0.002 
0.003 
0.002 
0.001 
0.002 
0.001 
0.001 
0.002 
0.002 
0.002 
0.003 
0.002 
0.008 
0.002 
0.002 
0.002 
0.003 
0.007 
0.003 
0.003 
0.003 
0.003 
0.004 
0.003 
0.002 
0.058 
0.003 
0.005 
0.003 
0.018 
0 002 
0.003 
0.003 
0.004 
0.002 
0.004 
0.003 
0.002 
0.028 
0.015 



8891 
8891 
8891 
8991 
8991 
8991 
8991 
8991 
8991 
9091 
9091 
9091 
9091 
9091 
9191 
9191 
9191 
91 91 
9191 
9691 
9691 
9691 
9391 
9591 
9791 
9791 
9791 
12791 
12791 
13091 
13091 

BH00955WCU2 
BH00957WCU2 
BH00741 WCU2 
BH00743WCU2 
BH00745WCU2 
BH00750WCU2 
BH00752WCU2 
BH00753WCU2 
BH00727WCU2 
BH00729WCU2 
BH00732WCU2 
BH00735WCU2 
B H 00737 WC U2 
BH00962WCU2 
BH00965WCU2 
BH00969WCU2 
BH00973WCU2 
BH00975WCU2 
BH01207WCU2 
BH01211WCU2 
BH01214WCU2 

All 
All 

BHOl218WCU2 
BHOl221 WCU2 
BH01223WCU2 
B H 0 1 239 WC U2 
BH01240WCU2 
BH00347WCU2 
BH00348WCU2 

0.002 
0.002 
0.01 8 
0.003 
0.002 
0.002 
0.003 
0.003 
0.007 
0.002 
0.002 
0.002 
0.002 
0.053 
0.005 
0.002 
0.002 
0.004 
0.003 
0.003 
0.006 

Rejected 
Rejected 

0.003 
0.004 
0.003 
0.003 
0.003 
0.002 
0.002 

Rejected Laboratory results validated as rejected. 
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00006451 

July 25, 1968 

THE DOW CWEMXXAL C O M P A N Y  

J. Seastone. 

&calth Phys%33 b e  completed B survey o f  the plutonium contamination 
present on the surface of the 903 mea. ?!he following deecribee the 
techniques used, conditions in the area during tbe survey, survey 
resulta, and the Heslth Pbysioa'recomnlendetiun for correct ive  action.  

A grid system uas e a t d ~ l i ~ ~  which extended approximately 22 f e e t  
outside of the fenced area in all dfrectlona. 
place& at Intervals of 25 feet dong each grid line and the maximum 
level of contamhation within 1 foot o f  each stake was detamiaed- 
Significant level0 of contamfnatlon were noted on the eaet  end south 
boundaries o f  t b ~  &rid eyeten EO the ~yetesa wae extended en additional 
125 feat i n  these directione t o  -re accurately determine the eize and 
ehags of the oigniffcantly contaminated area. 

Vegetatlon ie very sparse inside of' the fenced ere6 and the level6 Of 
conternination were determined for the met part on bare soil. Vegetation 
outside of the fenced area $6 relatively hewy and although attempts 
were made to reach tho soil the level8 o f  contamination are in many 
cmee influenced &avnwerd due e0 8 greater diatance and vegetaCiQP 

o f  tbe a m y s  were taken during 
SGG a n  T* t e t e m p % i E ~ g 2 * c x n  75 t o  95 degreee Fatmahait. 
between the  

There had been M) ei&uificant rain fall during the previoue week t o  ' 

ten days, 

The resulta of the survey are displayed oa the attachid d i m -  
the survey results to micromk!+w m r  

ency Redietion Monitoring, 
8 Electricsl atxi Engineerfag 

Wooden etakee were 

. 

Eoapany, kcorprated (m), ~ercury, Be-, far w e  in Operation 
"bt Spot;". 

Tlie coatnmimtion in tho 903 moo io not 'Ifreoh ta l lout" ,  WiLhtn tho 
fenced arca and 1 epot eetimatad at f r o m  100 tu 300 mlcrogrorroe per 
equare meter south of the fenced area, the aontsmination is due to 
leakriw drums., The conterniaatian vas csrried into the  oil by a Liquid. 
T?x eoil conditione in this ares da uot pertuit accurate penetra t ion  
dc Lerminatioas, but,a spat euroey in the clouthveet etct ion indicated 
60 'micragrams per seuare mater at a depth of 8 inches with M) indication 
of ha- reached the Umit of penetration. 

TIN conversion iactore are f o r  "fr@8b f e l l o s " .  

i 
I 

i! 



Tbe effecte of wind, rain, enou, and work in the fenced a e a ,  bcluding 
purposely covering high level contamination uith clean sot1 and (fravel, 
'trave not been determined, but.it l e  know that  these factors r e s u l t  in 
the survey indicating lea6 plutonium thsn the actual wunt present. 
&side of the fenced ares the actw amount of plutonium present lnay 
be as much as 1,OOO t i m e  mora than is indicated by the eurvey reeulte. 

. 

- 

i. 

I '  The contanhation Ln the remaining area outside of the fence is due to 
wind axi& p u o d  W 8 t . e ~  runoff from the fenced area. Nu attempts h8VU 
been made to determlne' the dept.4 of penetratbn in this area, but it 
is reaaonuble to aasumd that  tha penetration is  not more than 1 or 2 
i n c h 8  deep and that thu actual amount of plutonium present ie not mort 
than I'>o t_imee greater than the a~launt indlcoted by the @urvcy results, 

'&e survey reeulte muat, therefore, be CQnftfdered as relative rather 
tban abeolute numbers, To eetablish abeolute W u e e  would require an 

'$00 expensive and not n e c c  in order to consider the solutions to  
the problem. -- txkensive eoil s a ~ ~ ~ l i n g  proprun. T h f a & b x d - t ~ Q  c time cl- 

I 

I 

I 

'.< 
! I  
j,' . "The most doelrable obdective for decontaminatfon would 

be to remove a3.l t m e s  of' contamination, st leaat to 1 
or 2 microgram per sguete meter. 

, 'perhaps met, cases t h i a  vi21 not be poasfble. Therefore, 
suggested maxianun level8 for detenainfng decontmnlnat ion 
and relative tszarda in  F U * ~  are- are BB tol lowe: 

&ever, in q, 

I 

Greater thao Extremely hatsrQous 
3500 mfcragrenre per square meter 

Greater than sow kazard - 
lOf?O micragrw pz square meter ' decontaminate . .  

f -  

coxltsmlmticm 16 greater &a 1000 
meter decontmiinatlon should be 

I 

* i  

. 
. * ' . .  . * ( 1  _*. '_ . _ _  :I.'..:.'.. ._ ; .  : .:.. ;. . " .  _. .. .... . 
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effected. 
rnicrogrmu per oquara meter, thf3 area ebuld  be decantam- 
inated only to a value coneiutent with reawnahle etffort 
and cost.)" 

(xi i n i t i d  coatami.nation ie lese tban la00 

._. 

Tt ia obvious tbat sctfoae m e t  be taken to correct the conditions fh 
t h i s  area apd that ve&her w i l l  continue to spread the  contamimtion 
aMt. distort the s w a y  reeulto, ELealtia P'eica recommoade thnt the . 
f o ~ o w i n g  RCtAona be Wksn, in the order lleted, as moa as Poseible~ 
Respiratory proteation, plsnt clothing, aad monitoring w f u  ba provided 
ua  required, 

1. There are two forkl in  W o k e  f n  the fenced am&. 
Crete 'hd dlepoee of these fcrrklifta a8 contaminated 
mete. 

2. 

3. 

Move the toxia gam 8t4xage building to  a nw location. 

Remove the felrca pK)oI the eauth 4 east eidee of the 
me8, Diapose o f  the fence as conterninated vaetc .  

4. Remove the mi1 aad rock r m  the apot of  from 100 
ta 300 mtcrograna per 8q-e meter ~outh of the fenced 
area by hand. ?Lam ttre soil and rock inside of the 
fenced area. k p e a  or o i l  the area to aroid creating 
duet during the ramoval. 

5;\€Wldare tbe so i l  and rock to a depth of from 4 to 6 
\inches f r o m  tbs contaminated areaa outside of the 
fence to the eaet and ooutb into the fenced area. 
h p e n  or o i l  the mea to avoid creating dust during 

'\ 

. the operation,. 

6, 

7. 

Thla soil snd rock i~ to be used to start to bring the 
level of the fenced wa8 up to the bigbeet pofat ia the 
fenced area. 
bulldozed. 

!Fh% mcza u5thin the faace is not to  be 

This should be done with the bulldozer which Plant Service8 
(~acic aaetone) baa obtained f r o m  eurplus. 
necessary to dispose of t & t o  bulldozer a e  contku~fnatab 
waste. 

It mtyl become 

Remove the tanks west of M l d i n g  903. 
tPulke ae contanlaate8 vMittr 

Diapose 02 the f 

1 .  

i. 

i' 

'. 
I 



.- 
8.) Remove the gas tank weat of Builtllag p b  ead retunt it- 

to the veador, 

9. Move Bufld-8 9) and 904 b their new 10CatiOUS. 

10. Bring in additiozml. m i l  and gravel t o  cover and cowleu 
t h e  raising of the fenced area up t o  and cover the hlgh= 
e s t  point ia the r a c e d  area. . m s  caver i s  to extend 
25 feet begon4 tha fezteed two8 ip direations aad ie 
to be of B thiakneer a d  textwe to WTVO 88 LL bas8 fOf 
a concrete pad. 

Thia cover ceu be appUed by B contractor etartW along 
the north aide W greding to tha south vlth the gradar 
remainiag on tbe aev cover. 

~ contractor is to pur a concrete pad over the area. 
Tbe pad i a  to be poured in B manner uhich w i l l  aasure 
that p o d  w s t e r  will not run under it anb that vater 
fKIpr rain or BLZOY will noti penetrate it, 

. 

. 

11. 

, 

i 

JBQ: a& 
Enc I 

CC: 
D. M, Baesler ,. 
J. C. Epp 
C. M. love 
c. w. P i l t b g e r u d  
E, A, Putzier 
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EXECUTIVE SUMMARY 

A comprehensive evaluation of radiochemistry data acquired within the ER program over the past 
several years has been completed for the purpose of evaluating the data's usability relative to potential 
remediation of radionuclides within the soils at and near the 903 Pad area. The data sets reviewed 
include OU-I Phase Ill RFVRI surficial soils, OU-2 Phase I I  RFVRI surficial soils, and trenches 
throughout several operable units as well as the buffer zone. Evaluation of the data for usability relative 
to environmental decision-making satisfies a major quality requirement of the ER program. 
The data sets were chosen based on their areal extent with respect to the 903 Pad and the time frame in 
which the data were acquired. The success of any remediation effort hinges on the confidence of 
"knowing" the areal and vertical extent of contaminant concentrations relative to action levels (Le. 
cleanup levels). The time frame of the data sets evaluated was significant because the data were 
acquired within an established environmental Quality Assurance program, consistent with the goal of 
producing defensible data and consequent environmental decisions. 

In general, and from a radiochemistry perspective, all data qualified as valid (flagged as "V'), acceptable 
with qualification (flagged as "A'), or unflagged, is usable, based on the well-established, formal data 
validation process. Rejected data (flagged as "R') is not usable for the same reason. Because such a 
vast majority of the radionuclide dataset underwent the formal validation process with high percentages 
of valid and acceptable data (Luker et al., 1994), inferences about (analyticallradiochemistry) data 
usability have a high confidence throughout the ER program as a whole. Generally, all data not rejected 
by the validation process are usable. Validation qualifiers directly and adequately address such usability 
criteria as "precision" and "accuracy"; however, data usability based on "representativeness", 
"completeness", and "comparability" relies less on data validation criteria and more on the data as 
compared with project objectives. Such comparisons given in this report do not disqualify any data 
beyond those rejected data from the validation process. However, it must be emphasized that details of 
this usability analysis are with respect to a procedure designed to measure compliance to work plans 
already implemented (e.g., OU-2 Phase I I  RFI/RI Work Plan), and not with current remedial action 
plans. Inputting selected, usable data into impending remediation strategies (work plans) is the next 
step. 

The foremost precaution warranted for use of previously collected RFVRI data is that of 
representativeness: this is the weakest aspect of the usability argument, as compliance with the RFVRI 
work plan(s) is the primary basis for establishing representativeness. It must be ensured that the 
samples used to estimate radionuclide activity levels directly support the latest remediation goals * 

(especially with respect to 3-0 locations), and not simply compliance with previous RFI/RI 
(characterization) work plans. For example, one analytical result may represent up to 10 acres of areal 
extent (Colorado Department of Health {CDH} method) while another may represent point-locations 
(trench/pit samples). If the desired areal control of remediation is to be "tighter" than the areal control 
provided by composite sampling, further sampling control will be necessary. Conversely, if such gross 
areas are not within a remediation area of interest (e.g., on the outer periphery of the buffer zone), 
previous composite sampling over the area is probably adequate as a gross characterization of large, 
peripheral areal plots. 



1.0 PURPOSE 

The purpose of this report is to provide the results of Environmental Restoration Management's 
Procedure 2-G32-ER-ADM-08.02, Evaluation of ERM Data for Usability in Final Reports, to indicate 
surficial soil data usability for OU-2 remediation strategies. The data evaluated by this procedure include 
surface soil samples analyzed for radionuclides that span several projects; over 11 8 plots utilizing CDH 
and RFP sampling methods, over 28 plots utilizing RFP sampling methods for the OU1 Phase Ill RFVRI, 
and 26 trenches based on the OU-2 Phase I I  RFI/RI work plan. 

2.0 BACKGROUND 

Regarding the Phase I1 RFllRI Report 903 Pad, Mound, and East Trenches Area, Operable Unit No.2 
dated October 1995, numerous surface soil sampling programs were implemented in support of the OU2 
RFI/RI including: 

0 

0 

The sampling of 118 plots using the CDH sampling method to determine spatial extent of 
radiological contamination including plutonium-239/240, americium-241, and uranium isotopes; 
The sampling of 11 8 plots using the RFP sampling method for americium-241 and plutonium- 
2391240 comparison with the CDH sampling method; 
The sampling of 26 pits using trenching methods to determine the vertical extent of radiological 
contamination; and 
The sampling of 40 locations to generate data for use in the risk assessment. 

Two separate evaluations were performed specific to the OU-2 surficial soils data: the CDH sampling 
program and the RFP sampling program. 

Other surface soil sampling programs were implemented during the OU2 RFVRI, which were intended 
to support the OU1 RFI/RI including: 

0 The sampling of 1 18 plots using the CDH sampling method to determine spatial extent of 
radiological contamination including plutonium-239/240, americium-241, and uranium isotopes. 
Seven of the 10-acre plots and four of the 2.5-acre plots fall partially or entirely in OU1; 
The sampling of 1 18 plots using the RFP sampling method for americium-241 and plutonium- 
239/240 to compare with the CDH sampling method; 
The sampling of 26 pits using trenching methods to determine the vertical extent of radiological 
contamination. Three of these pits are located within OU1. 

0 

0 

A surface soil sampling program was implemented in support of the OU1 Phase Ill RFllRl baseline risk 
assessment. The OU1 area was divided into four-hundred-fifty 50- by 1 OO-foot contiguous rectangle 
plots, which were sequentially number. Twenty-four of the plots were selected for sampling by matching 
the plots with numbers generated from a random number generating process. Four biased sampling 
locations were selected to include IHSSs 106, 130, 119.1 and 119.2 because they were most likely to 
have surface soil contamination based on site histories -- contaminated liquid discharges, stored, 
drummed wastes, or wastes were buried at shallow depths. Data associated with the 4 discrete 
sampling locations identified in Technical Memorandum 5 is not being evaluated in this effort. These 
data were previously addressed under the OU1 Hot Spot Removal Action. 

The final subset of data was collected from Trenches 1-26 in support of the OU2 Phase II RFVRI. These 
samples were collected at the surface (0-3 cm. and 3-6cm.) and to approximately one meter in depth. 



3.0 WORK PLAN REQUIREMENTS 

3.1 OU-I PHASE 111 RFllRl SURFlClAL SOIL DATA 

Draft Final Technical Memorandum 5, Addendum to the Final Phase Ill RFVRI Work Plan, Surface Soil 
Sampling and Analysis Plan, Rocky Flats Plant, 881 Hillside Area (Operable Unit No.1) provides the 
scope of the surface soil sampling program. 

The program included collecting samples over a grid covering approximately 52 acres. The OU1 area 
was divided into four-hundred-fifty 50- by 1 OO-foot contiguous rectangle plots, which were sequentially 
number. Twenty-four of the plots were selected for sampling by matching the plots with numbers 
generated from a random number generating process. Four biased sampling locations were selected for 
sampling in IHSSs 106, 130, 119.1 and 119.2. The samples were planned with the RFP sampling 
method -- a mixture of 10 grab subsamples from which one composite sample was generated for 
analysis. Random subsamples from the composite were withdrawn and measured for numerous 
analytical measurements. With through mixing, a physical averaging took place, so that the final sample 
analyzed represented an average concentration of the original grab subsamples and their respective 
locations. 

The Work Plan proposed 24 plots and four discrete locations for a total of 28 surface soil samples using 
the RFP method. 

The Draft Final Technical Memorandum 5, Addendum to the Final Phase Ill RFVRI Work Plan, Surface 
Soil Sampling and Analysis Plan, Rocky Flats Plant, 881 Hillside Area (Operable Unit No.1) provides the 
surface soil sampling programs QNQC requirements. The analysis program include gross alpha, gross 
beta, plutonium-239/240, americium-241, uranium-233/234, uranium-235, uranium-238, radium-226, 
and Radium 228. However, only results of radionuclides identified in the RFCA (Pu, Am, U-2331234, U- 
235, and U-238) warrant evaluation. 

The OU1 Technical Memorandum N0.5 QAA did not state rationale for the evaluation of equipment 
rinsate blank results. Risk Assessment Guidance for Superfund (RAGS, 1989) rationale was better 
suited for this evaluation . RAGS states that if the contaminant is not a common laboratory contaminant 
then “consider site sample results as positive only if the concentration of the chemical in the site sample 
exceeds five times the maximum amount detected in any blank”. Rinsate samples were evaluated 
relative to the RAGS guidance, as well as using RFCA action levels to qualitatively compare to field 
blank values. 

The OU1 TM5 did not specify rationale for the evaluation of duplicate sample results. Therefore, 
consistent with other Environmental Restoration projects at RFETS, the DQO for field duplicate samples 
was 40 percent relative percent difference for homogenous, non-aqueous samples. 

3.2 OU-2 PHASE I I  RFI/RI SURFlClAL SOIL DATA 

Technical Memorandum 1 to the Final Phase I I  RFI/RI Work Plan (Alluvial) provided the scope of the 
surface soil sampling program. The program planned samples over a grid covering approximately 800 
acres. The State of Colorado requires special techniques for construction on lands with plutonium- 
239/240 concentrations greater than 0.9 pCi/g of dry soil. To evaluate the soil-plutonium-239/240 values 
relative to this guideline, the CDH sampling method was employed. However, CDPHE (formerly CDH) 
has subsequently stated that the standard does not apply to the Rocky Flats site. The CDH sampling 
protocol required 25 samples to be composited within a 1 O-acre area for analysis. Because of the large 



concentrations in soil-plutonium-2391240 near the source, a 2.5-acre grid was sampled immediately east 
of the 903 Pad and around the East Trenches area. 

The Work Plan proposed 124 plots for sampling using the CDH method. Eighty-four 4.05-ha plots and 
thirty-four 1.01 -ha plots were sampled for a total of 118 plots. Plots 2, 8, and 9 were not sampled 
because they were covered with structures and/or pavement. Plots 7, 14, 17, and 18 were not sampled 
because the plots were inside the Protected Area, where the surface is highly disturbed. Plot 0 was 
added during the field implementation stage. 

The Quality Assurance Addendum, QAA 2., to the Rocky Flats Plant Site-Wide QA Project Plan for 
CERCLA RVRS and RCRA RFI/RI/CMS Activities for Operable Unit No.2 (Alluvial), 903 Pad, Mound, 
and East Trenches Area Phase II RFI/RI, August 1991 provided the data quality objects and sampling 
program for the surficial soils sampling program. The analysis program include Plutonium-239/240, 
Americium-241, and Uranium-2331234, Uranium-235, and Uranium-238. 

The OU2 Work Plan did not propose the RFP sampling method. It appears that the sampling program 
was added later to determine if sampling methods impacted RFI/RI conclusions on radionuclide (activity) 
areal distributions. 

Litaor (unpublished) states: “During the initial phase of the field work for OU 2, it became evident that 
using the CDPHE sampler for the stated objective may be difficult to implement. The CDPHE sampler 
collects only the fop 0.64 cm of the soil. This minimal sampling depth exhibited two serious problems; 
(1) it was difficult to assess the exact boundary between the impacted soil surface and the litter layer 
accumulated above, and (2) the soils within the RFETS have been undisturbed for the last 30 years, 
which facilitated eolian accumulation and soil development with little or no surface erosion. This 
phenomenon may comprise the main Objective of the study to provide a reliable spatial distribution of 
PU-239+240 in the soil environment around RFETS. Hence, a comparative study was conducted to 
assess actinide activity using the CDPHE and the Rocky Flats (RF) sampling techniques. ” 

Litaor applied the Wilcoxon Signed Rank test to compare the two sampling techniques and states: 

“The WSR is a non-parametric test because it uses fhe ranks of the data as opposed to data 
themselves. Two statistical tests were conducted. In the first test the PU-239+240 activities in the 
entire data set of 167 RF samples were compared against the 167 CDPHE samples collected from the 
same plots. There was no significant differences at the 95-percent confidence level between the two 
sampling procedures. Because Pu-239+240 activity in soil changed significantly with distance and 
direction from the former storage site, a distance-dependent data design was developed. There were no 
significant differences between the two sampling procedures in most distance classes. The findings of 
this comparative study suggest that for the purpose of ecological risk assessment, the soil sampling 
technique has little effect on the outcome of the analysis. ” 

The RFP method was used to sample the 1 18 locations where CDH samples were collected. However, 
only data for only 106 locations were downloaded from RFEDS. Plutonium-239/240 and americium were 
analyzed. The OU2 QAA states that uranium isotopes would be performed on surface soil samples 
Eight duplicate samples and six rinsate samples were collected. No results for samples collected using 
the RFP method are presented in OU2 Phase I I  report. 

The OU2 QAA provided the data quality objects and sampling program for the surficial soils sampling 
program. These samples were collected in support of the OU2 Phase I I  RFI/RI, with required 
conformance to the QAA requirements set forth in the OU2 QAA. The QAA requirements have been 
previously provided in the CDH method section. 



3.3 SOIL PROFILE DATA 

The OU2 Work Plan proposed the excavation of 26 pits, 1.5 meter long, 1.9 meter wide and 1 .O meter 
deep, in order to access the vertical migration of plutonium-239/240 and americium-241 in soils east and 
south of the RFETS. Surface soil samples from the 26 soil profiles were planned using a modified trench 
method (Harley, 1972). Ten samples were collected over 3 centimeter intervals, beginning at the 
deepest block in the excavation. The samples were collected using a stainless steel scoop and template 
(3 centimeters x 20 centimeters) which were pressed into the wall of the excavation. Three samples 
from each depth were consolidated to provide a better representation of the site. 

The Work Plan described studies of physicochemical association of plutonium and americium in soils 
east of the 903 Pad using a sequential extraction methodology. The soils were to be extracted into four 
major physicochemical fractions; carbonates, organics, sequioxides, and residuals. However, the Work 
Plan also stated that spikes of plutonium-237 were added to soil samples before each extraction step to 
evaluate possible readsorption. If serious postextraction readsorption (1 5%) took place, the sequential 
extraction process would not be performed and samples collected from Trenches 1 to 5 would be 
analyzed for total plutonium-239/240 and americium. The Phase I I  RFllRl Report did not provide results 
of the plutonium-237 spikes. In addition, the report stated that digestion of samples was completed by 
microwave, therefore RFEDS results downloaded represent total radionuclide activity. Sequential 
extractions were not performed. 

The OU2 QAA 2 provided the data quality objectives and sampling program for surficial soils sampling. 
These samples were collected in support of the OU2 Phase I I  RFI/RI and were required to conform to 
the QAA requirements set forth in the OU2 QAA. 

4.0 RESULTS 

The data sets from which this report were drawn consist of the following individual files, evaluated on 
Excel spreadsheets downloaded from the RFEDS, and queried based on project identifiers and three- 
dimensional locations of samples. 

4.1 PRECISION 

Use of field duplicates is the primary method of evaluation for overall precision of the radiochemistry 
process. One field duplicate collected for 20 real samples, or one per sampling event, whichever was 
more frequent, was the DQO of interest for evaluation of precision. Although several of the overall 
precision compliance numbers were below the typical data quality objectives of 40% (relative percent 
difference), all but one of the noncompliant values resulted exclusively from samples with very low 
absolute differences between QC and real samples radioactive levels (<7 pCi/g difference). Such 
discrepancies in reproducibility (239.240Pu for the example cited) are two orders of magnitude less than the 
respective Tier 1 action levels. Therefore, overall radiochemistry values for precision, or reproducibility - 
- which encompass both laboratory and field variability -- are satisfactory for the data sets reviewed. 
Recall that "overall" precision includes variability within the lab's radiochemistry measurement process 
as well as that inherent within the field sampling's standard operating procedures and decontamination 
protocols. The one exception to this general conclusion is considered, qualitatively, as an outlier, where 
the delta value was -10.6 nCi/g. 

It should be noted for future radionuclide sampling/analysis that a DQO of 40% RPD for overall project 
precision is ambitious (i.e., unrealistic for 100% compliance), due to the typically low levels of 
radionuclides found in environmental samples. Further, the DQO was based on standard analytical 
chemistry methods -- organics and inorganics -- at the outsets of the cited projects, and was simply 



adapted to radiochemistry out of convenience and a conservative approach to QC of the 
sampling/analysis process. Two values that exceeded a 7 pCi/g delta (discussed above) were from 
samples with significant “hits”, but as such, were within the DQO of <40%RPD. 

U-238 

Observations on precision are discussed below , by project. 

Soil - < 40% 34 4 3 75% 

4.1.1 OU-I PHASE Ill RFI/RI SURFlClAL SOIL DATA 

PU-2391240 
Am-241 

The data quality objective for field duplicate samples was 4 0 %  RPD for homogenous, non-aqueous 
samples. Summary results are provided below, while absolute and delta value are shown in Table 4-1, 
where values are sorted by the absolute difference (“DELTA‘) in results and in descending order. 

Soil - C 40% 118 7 6 86% 
Soil - < 40% 118 7 7 100% 

OUI Phase 111 RFI/RI - Modified RFP Sampling Method 
Duplicate Sample Results 

U-238 

I Am-241 I Soil I <40% I 34 I 4 I 1 I 25% I 

Soil - < 40% 118 4 4 100% 

I U-2341235 I Soil I c 40% I 34 I 4 I 3 I 75% I 
1 U-235 1 Soil 1 ~ 4 0 %  1 34 1 4 I 3 I 75% I 

Overall, the RPD of less than or equal to 40% for duplicate samples was met for 70% of the duplicates 
collected. Sample results validated as rejected were not included in the evaluation. Based on the work 
plan, over 85% of the duplicates should have met the established DQO for precision. 

4.1.2 OU-2 PHASE I1 RFI/RI SURFlClAL SOIL DATA 

The data quality objective for field duplicate samples was 140% RPD for homogenous, non-aqueous 
samples (OU-2 QAA). Summary results are provided below, while absolute and delta value are shown 
in Table 4-2 (CDH-method) and Table 4-3 (RFP-method), where values are sorted by the absolute 
difference (“DELTA”) and in descending order. 

OU2 Phase II  RFI/RI - CDH Sampling Method 
Duplicate Results 

I U-235 I Soil I ~ 4 0 %  I 118 I 4 I 2 I 50% I 









Overall, the RPD of less than or equal to 40% for duplicate samples was met for 85% of the duplicates 
collected by the CDH method. Uranium isotopic results for duplicate samples from plots 58, 106, and 
116 were not located in RFEDS. 

OU2 Phase II RFI/RI - RFP Sampling Method 

Duplicate Results 

Pu-239/240 Soil - < 40% 107 11 5 45% 
Am-24 1 Soil 5 40% 107 11 10 91 % 

QNQC sample collection requirements were met for both plutonium-239/240 and americium 241 in 
support of the RFP sampling program. However, no real sample results could be located for duplicate 
samples collected at Plot PT089 sample number SSOl120ST. Overall, 68% of duplicate sample results 
were within the specified RPD range. At least 85% of all quality control samples were required to comply 
with the established precision, or RPD goals. This evaluation of duplicate sample results indicates that 
the Pu-239/240 and Am-241 values determined from samples collected using the RFP method do not 
meet the minimum requirements of DQOs for precision. 

4.1.3 SOIL PROFILE DATA 

Consistent with the OU-2 Work Plan, the DQO for field duplicate samples was 140% RPD for 
homogenous, non-aqueous samples. Summary results are provided below, while absolute and delta 
value are shown in Table 4-4, where values are sorted by the absolute difference ("delta) in results and 
in descending order. 

OU2 Phase II RFI/RI - Soil Profile Program 
Duplicate Res u Its 

QNQC sample collection requirements were not met for radionuclide samples collected in support of this 
program. Fourteen duplicate samples were required to be collected to meet the one duplicate per 
twenty real sample ratio. Duplicate and real sample results validated as rejected were not incorporated 
into the evaluation. Overall, 50% of duplicate sample results were within the specified RPD range. At 
least 85% of all quality control samples are required to comply with the established precision, or RPD 
goals. 





0 



4.2 ACCURACY 

P u -2 3 9/24 0 

Am-241 

U-2331234 

U-235 

In general, accuracy of the radiochemical analyses, for all subsets of samples evaluated, was 
satisfactory based on: 

i, j GRRASP Part B 0.03 0.03 - <0.02 
Alpha Spec 

Alpha Spec 

Alpha Spec 

Abha SDec 

j, k GRRASP Part 6 0.02 0.02 - ~ 0 . 0 1 4  

a, c,  d, g? h GRRASP Part B 0.3 0.3 - c0.060 

a, c, d ,  g, h GRRASP Part B 0.3 0.3 - ~0.053 

The percentage of sample results validated; 
The percentage of validated sample results that were acceptable (not rejected); 
Consistency and magnitude of detections limits as compared with RFCA Tier I Action Levels 
(reporting limits were typically 3 to 4 orders of magnitude less than action levels); and 
relatively low to nondetected values of radionuclides in field blank samples (specifically field 
rinsates) associated with the real environmental samples, indicating insignificant bias of real 
samples toward false positive results. 

Reporting limits for radionuclides in water samples (per GRRASP specifications {DOE/EG&G Rocky 
Flats, 1994)) range from 0.01 pCi/L (Pu, Am) to 0.6 pCi/L (U), and were only used qualitatively to 
compare with soil samples, which are measured in different units (pCi1g). 

4.2.1 OU-I PHASE Ill RFI/RI DATA 

Analytical methods performed on samples were performed utilizing alpha spectroscopy methods as 
outlined in the General Radiochemistry and Routine Analytical Services Protocol (GRRASP, DOE/EG&G 
Rocky Flats, 1994). Methods proposed in OU1 TM5 included EPA analytical methods and additional 
published methods. The reason for the revision in analytical program is not documented .in the OU1 
Phase Ill RFI/RI Report. However, the proposed method detection limits and GRRASP (ibid.) detection 
limits are identical. Results tabulated below indicate that actual detection limits were well within 
contractual specifications given to the labs, as well as significantly less than RFCA action levels. 

OU'l Phase 111 RFI/RI - Soil Sampling Program 
Detection Limits 

GRRASP Part I3 ~0 .050  1 Alphaspec 1 U-238 

a. 

c. 

Harley, J.H., ed., 1975. HASL Procedures Manual, HASL-300: Washington, DC, US. Energy Research and 
Development Administration. 
U.S. EPA, 1976. Interim Radiochemical Methodology for Drinking Water, Report No. EPA-600/4-75-008. 



d. 

g. 

h. 

1. 

j. 

k. 

U.S. EPA, 1979. Radiochemical Analytical Procedures for Analysis of Environmental Samples, Report No. 
EMSL-LY-0539-1, Las Vegas, NV. U.S. Environmental Protection Agency. Cincinnati, OH. U.S. 
Environmental Protection Agency. 
“Methods for Determination of Radioactive Substance in Water and Fluvial Sediment”, U.S.G.S. Book A5, 
1977. 
U.S. EPA, 1979. Acid Dissolution Method for the Analysis of Plutonium-Plutonium-239/240 in Soils. EPA- 
600/7-79-081. U.S. EPA Environmental Monitoring and Support Laboratory, Las Vegas, NV. 
Essington, E.H., Drennon, B.J., Private Conversation. Procedures for the Isolation of Alpha 
Spectrometrically Pure Plutonium-Plutonium-239/240, Uranium, and Americium. Los Alamos National 
Laboratories. 
Rocky Flats Plant. Health, Safety, and Environmental Laboratories. Isolation of Plutonium-239/240 from 
Urine Samples. 
U.S. EPA. EPA-570/9-81-002, Radioactivity in Drinking Water. 

Blank samples associated with the real samples must also be evaluated to determine if accuracy was 
affected (biased toward false positives) by cross-contamination during sampling or shipment; 
specifically, rinsate samples were used for this purpose. Although magnitudes of radioactivity can only 
be compared indirectly between the rinsate results and the real (soil) sample results -- due to different 
matrix types -- results indicate only very low levels of activity (<0.2pCi/L), well within the overall precision 
of the soil sample measurements. Therefore, no significant cross-contamination is evident, from 
decontamination procedures or otherwise, which would bias the real sample results toward false positive 
values. Results of rinsates, sorted from highest to lowest values, are given in Table 4-5. 

4.2.2 OU-2 PHASE I I  RFI/RI DATA 

The OU2 QAA identified EPA and other published laboratory methods for the determination of 
radionuclides in surface soil samples. The samples were analyzed utilizing alpha spectroscopy 
according to the General Radiochemistry and Routine Analytical Services Protocol (GRRASP, 1991) . 
The GRRASP method has identical detection limits (0.03 pCi/g) for plutonium-2391240 and a slightly 
higher detection limit (0.02 pCi/g) for americium-241. GRRASP detection limits for uranium isotopes are 
one order of magnitude higher (0.3 pCi/g) than proposed (0.06 pCi/g) but are acceptable for the 
determination of spatial extent of contamination at the RFETS. Results tabulated below indicate that 
detection limits are at or below those required in the GRRASP, with the exception of plutonium and 
americium; however, exceedances of this magnitude are insignificant relative to RFCA cleanup levels. 

OU2 Phase I1 RFllRl - CDH Sampling Method 
Detection Limits 

P~-239/240 i, 1, 0,  P, s GRRASP Part B 0.03 0.03 - <0.244 

Am-241 il 1, P, g7 s GRRASP Part B 0.01 0.02 - <0.287 

U-233/234 f, h, i, I, m, n, s GRRASP Part B 0.06 0.3 - <0.077 

U-235 f, h, i, I ,  m, n, s GRRASP Part B 0.06 0.3 - <0.300 

U-238 f, h, i, I ,  m, n, s GRRASP Part B 0.06 0.3 - <0.300 

Alpha Spec 

Alpha Spec 

Alpha Spec 

Alpha Spec 

Alpha Spec 



0 



f U.S. EPA, 1979. Radiochemical Analytical Procedures for Analysis of Environmental Samples, 
Report No. EMSL-LY-0539-1, Las Vegas, NV. U.S. Environmental Protection Agency. 

h U.S. EPA, 1976. Interim Radiochemical Methodology for Drinking Water, Report No. EPA-600/4-75- 
008. Cincinnati, OH. U.S. Environmental Protection Agency. 

i Harley, J.H., ed., 1975. ASL Procedures Manual, HASL-300: Washington, DC, U.S. Energy 
Research and Development Administration. 

I U.S. EPA, August 1980. Prescribed Procedures for Measurement of Radioactivity in Drinking Water. 
Environmental Monitoring and Support Laboratory. Office of Research and Development. 

m U.S. Geological Survey, 1977. Book 5. Methods for Determination of Radioactive Substances in 
Water and Fluvial Sediments. 

n U.S. EPA, 1979. Acid Dissolution Method for the Analysis of Plutonium-Plutonium-239/240 in Soils. 
EPA-60017-79-081. U.S. EPA Environmental Monitoring and Support Laboratory, Las Vegas, NV. 

o Essington, E.H., Drennon, B.J., Private Conversation. Procedures for the Isolation of Alpha 
Spectrometrically Pure Plutonium-Plutonium-239/240, Uranium, and Americium. Los Alamos 
National Laboratories. 

p Rocky Flats Plant. Health, Safety, and Environmental Laboratories. Isolation of Plutonium- 
Plutonium-239/240 from Urine Samples. 

q U.S. EPA. EPA-57019-87-002, Radioactivity in Drinking Water. 
s U.S. EPA, 1987. EPA-520/5-84-006. Eastern Environmental Radiation Facility Radiochemistry 

Procedures Manual. 

The OU2 QAA states that equipment rinsate blanks are considered acceptable if the concentration of the 
analytes of interest is less than three times the required detection limit for the analyte. However, this 
strategy is not consistent with the Risk Assessment Guidance for Superfund (RAGS, 1989). RAGS 
states that if the contaminant is not a common laboratory contaminant then “consider site sample results 
as positive only if the concenfration of the chemical in the site sample exceeds five times the maximum 
amount detected in any blank. ”_ Rinsate samples were evaluated according to the RAGS guidance for 
this effort. 

Analytical methods performed on samples collected utilizing the CDH method were performed utilizing 
alpha spectroscopy methods as outlined in the General Radiochemistry and Routine Analytical Services 
Protocol (GRRASP). Methods proposed in the OU2 QAA included EPA analytical methods and 
additional published methods. The reason for the revision in analytical program is not documented in the 
OU2 Phase II RFI/RI Report. Based on validation percentages and reporting limits, the various 
radiochemistry methods are comparable. 

Blank samples associated with the real samples were also evaluated to determine if accuracy was 
affected (biased toward false positives) by cross-contamination during sampling or shipment; 
specifically, rinsate samples were used for this purpose. Although magnitudes of radioactivity can only 
be compared indirectly between the rinsate results and the real (soil) sample results -- due to different 
matrix types -- rinsate results indicate only very low levels of activity (<0.14pCi/L), well within the overall 
precision of the soil sample measurements. Therefore, no significant cross-contamination is evident, 
from decontamination procedures or otherwise, which would bias the real sample results toward false 
positive values. Results of rinsates, sorted from highest to lowest values, are given in Table 4-6. 

Although not specjfied in the OU2 Work Plan the surface soils collected by the RFP method in support of 
the Phase I I  RFI/RI are required to follow the protocols identified in the OU2 QAA. 

Sample analyses was performed according to the GRRASP. The GRRASP detection limits for Pu and 
Am-241 are similar to the detection limits proposed in the OU2 Work Plan and considered acceptable 
analytical methods. Resuits tabulated below indicate that detection limits exceed those required in the 
GRRASP; however, exceedances of this magnitude are insignificant relative to RFCA cleanup levels (2 





orders of magnitude less than Tier I action levels). 

OU2 Phase II RFllRl - RFP Sampling Method 
Detection Limits 

I I I AlDhaSPec I I I I 1 Am-241 I i, I ,  p, q, s GRRASP Part B, 0.02 1 (5.7290 I 1 AlphaSDec 

Blank samples associated with the real samples must also be evaluated to determine if accuracy was 
affected (biased toward false positives) by cross-contamination during sampling or shipment; specifically, 
rinsate samples were used for this purpose. Although magnitudes of radioactivity can only be compared 
indirectly between the rinsate results and the real (soil) sample results -- due to different matrix types -- 
rinsate results indicate only very low levels of activity (cO.I2pCi/L), well within the overall precision of the 
soil sample measurements. Therefore, no significant cross-contamination is evident, from 
decontamination procedures or otherwise, which would bias the real sample results toward false positive 
values. Results of rinsates, sorted from highest to lowest values, are given in Table 4-7. 

4.2.3 SOIL PROFILE DATA 

Analytical methods performed on samples collected utilizing under the trench program were performed 
utilizing alpha spectroscopy methods as outlined in the General Radiochemistry and Routine Analytical 
Services Protocol (GRRASP). Methods proposed in the OU2 QAA included EPA analytical methods and 
additional published methods. The reason for the revision in analytical program is not documented in the 
OU2 Phase I I  RFI/RI Report. Results tabulated below indicate that detection limits exceed those required 
in the GRRASP; however, exceedances of this magnitude are insignificant relative to RFCA cleanup 
levels (2 orders of magnitude less than Tier I acthn levels). 

OU2 Phase I I  RFllRl - Soil Profile Sampling Program 
Detection Limits 

w -, 

Analyte Required 
Analytical 

I *  Method3 

i, 1, 0, P, s P u -2 3 91240 

I Am-241 I i7 p’ q’ 
U-2331234 

U-235 

f, 11, i, I,  m, n, s 

f, h, i, 1, m, n, s 

U-23 8 f, h, i, I, in, n, s 

Alpha Spec 

Alpha Spec 

Alpha Spec 

Alpha Spec 

Aloha Soec 

GRRASP Part B 0.01 0.02 - c3.000 

GRRASP Part B 0.06 0.3 - 1.860 

GRRASP Part B 0.06 0.3 - c0.945 

GRRASP Part B 0.06 0.3 - 1.320 



RNS SS00774STU2 
RNS SS00808STU2 
RNS SS00808STU2 
RNS SS00803STU2 
RNS SS00803STU2 
RNS SS00803STU2 
RNS SS00762STU2 
RNS SS00762STU2 
RNS SS00738STU2 
RNS SS00738STU2 
RNS SSOl141ST 
RNS SSOl141ST 
RNS SSOl136ST 
RNS SSOl136ST 
RNS SS00750STU2 
RNS SS00750STU2 

Table 4-7. 

SURFICAL SOILS 
RINSATE RESULTS 

RFP-METHOD (OU-2) 

14-OCT-91 
14-OCT-91 
27-NOV-91 
27-NOV-9 1 
27-N OV-9 1 
27-NOV-91 
27-NOV-91 
11 -0CT-91 
1 1 -0CT-91 
08-OCT-91 
08-OCT-91 
1 1 -NOV-92 
1 1 -NOV-92 
1 1 -NOV-92 
1 1 -NOV-92 
10-OCT-91 
10-OCT-91 

AM-241 
Plutonium 239/240 
Americium 241 
Plutonium 2391240 
Americium 241 
Americium 241 
PI u ton i u m 2391240 
AM-24 1 
P U-239,240 
AM-241 
P U239/40 

Am-24 1 
AM-241 

P u -239/40 
AM-241 
PU-239,240 

o.oo30 
0.1200 
0.0430 
0.0650 
0.0120 
0.0090 
0.0010 

-0.0020 
0.0420 
0.0190 
0.0033 
0.0027 
0.0024 
0.0000 
0.0050 
0.0020 

PCVL 
PCVL 
PCI/L 
PCllL 
PCI/L 
PCI/L 
PCUL 
PCVL 
PCI/L 
PCI/L 
PCVL 
PCVL 
PCI/L 
PCVL 
PCI/L 
PCI/L - 

A 
A 
V 
A 
V 
V 
V 
A 
V 
V 
A 
A 
A 
A 
V 
V - 

713 1/97 



f U.S. EPA, 1979. Radiochemical Analytical Procedures for Analysis of Environmental Samples, Report No. 
EMSL-LY-0539-1, Las Vegas, NV. U.S. Environmental Protection Agency. 

h U.S. EPA, 1976. Interim Radiochemical Methodology for Drinking Water, Report No. EPA-600/4-75-008. 
Cincinnati, OH. U.S. Environmental Protection Agency. 

i Harley, J.H., ed., 1975. ASL Procedures Manual, HASL-300: Washington, DC, U.S. Energy Research and 
Development Administration. 

1 U.S. EPA, August 1980. Prescribed Procedures for Measurement of Radioactivity in Drinking Water. 
Environmental Monitoring and Support Laboratory. Office of Research and Development. 

m U.S. Geological Survey, 1977. Book 5. Methods for Determination of Radioactive Substances in Water and 
Fluvial Sediments. 

n U.S. EPA, 1979. Acid Dissolution Method for the Analysis of Plutonium-Plutonium-239/240 in Soils. EPA- 
600/7-79-081. U.S. EPA Environmental Monitoring and Support Laboratory, Las Vegas, NV. 

o Essington, E.H., Drennon, B.J., Private Conversation. Procedures for the Isolation of Alpha Spectrometrically 
Pure Plutonium-Plutonium-239/240, Uranium, and Americium. Los Alamos National Laboratories. 

p Rocky Flats Plant. Health, Safety, and Environmental Laboratories. lsolation o f  Plutonium-Plutonium-239/240 
from Urine Samples. 

q U.S. EPA. EPA-570/9-8 1-002, Radioactivity in Drinking Water. 
s U.S. EPA, 1987. EPA-520/5-84-006. Eastern Environmental Radiation Facility Radiochemistry Procedures 

Manual. 

Blank samples associated with the real samples must also be evaluated to determine if accuracy 
was affected (biased toward false positives) by cross-contamination during sampling or shipment; 
specifically, rinsate samples were used for this purpose. Although magnitudes of radioactivity can 
only be compared indirectly between the rinsate results and the real (soil) sample results -- due to 
different matrix types -- results indicate only very low levels of activity (<I pCi/L), well within the 
overall precision of the soil sample measurements. Therefore, no significant cross-contamination 
is evident, from decontamination procedures or otherwise, which would bias the real sample 
results toward false positive values. Results of rinsates, sorted from highest to lowest values, are 
given in Table 4-8. 

4.3 COMPLETENESS 

Completeness relative to previous work plan specifications was adequate. Completeness relative 
to the prospective OU-2 surficial soil remediation is indeterminate with this evaluation, and can 
only be determined when the "historical" data reviewed herein are compared with specific 
remediation objectives. 

4.3.1 OU-I PHASE Ill RFI/RI DATA 

The data was downloaded from the RFEDS and was determined to be 72 percent validated prior 
to evaluating for usability according to this procedure. 

4.3.1.1 REAL SAMPLES 

A total of 34 surface soil samples were collected at 28 of the proposed 28 plots. The 
radiochemical analyses include gross alpha, gross beta, plutonium-239/240, americium-241, 
uranium-2331234, uranium-235, uranium-238, radium-226, and radium 228. As previously stated 
only results from the analysis of plutonium-239/240, americium-241, uranium-233/234, uranium- 
235. and uranium-238 will be evaluated. 



Table 4-8. 
TREN CH/P IT 

SURFlClAL SOILS 
RINSATE RESULTS 

TR03 I RNS ITR00382WCU2 (27-JUL-92 lU-233,-234 
TR03 RNS 
TR22 RNS 
TR22 RNS 
TR08 RNS 
TR20 RNS 
TR05 RNS 
TROI RNS 
TR03 RNS 
TROI RNS 
TR05 RNS 
TR03 RNS 
TR02 RNS 
TR20 RNS 
TR07 RNS 
TR12 RNS 
TR05 RNS 
TR08 RNS 
TR03 RNS 
TW6 RNS 
TR20 RNS 
TR05 RNS 
TR17 RNS 
TR22 RNS 
TROl RNS 
TR19 RNS 
TR19 RNS 
TRIO RNS 
TR03 RNS 
TR17 RNS 
TR20 RNS 
TR25 RNS 
TR09 RNS 
TR02 RNS 
TR08 RNS 
TR20 RNS 
TR17 RNS 
TR17 RNS 
TR05 RNS 
T R l l  RNS 
TR26 RNS 

TR00382WCU2 
TR00033WCU2 
TR00033WCU2 
TR00334WCU2 
TR00063 WCU2 
TR00368WCU2 
TR00357WCU2 
TR00382WCU2 
TR00357WCU2 
TR00368WCU2 
TR00392WCU2 
TR00405 WCU2 
TR00063WCU2 
TR00317WCU2 
TR00268WCU2 
TR00368WCU2 
TR00334WCU2 
TR00392WCU2 
TR00217WCU2 
TR00063WCU2 
TR00368WCU2 
TROOI 65WCU2 
TR00033WCU2 
TR00357WCU2 
TROOI 49WCU2 
TROOI 49WCU2 
TROOl82WCU2 
TR00382WCU2 
TR00165WCU2 
TR00033WCU2 
TR00234 WCU2 
TR00301 WCU2 
TR00405WCU2 
TR00334WCU2 
TR00063WCU2 
TROOl65WCU2 
TR00165WCU2 
TR00368WCU2 
TR00285WCU2 
TR00217WCU2 

27- J U L-92 
20-AUG-91 
20-AUG-91 
10-OCT-91 
22-AUG-91 
13-JUL-92 
08-JUN-92 
27- J U L-92 
08-JUN-92 
13-JUL-92 
29-J U L-92 
10-AUG-92 
22-AUG-9 1 
09-OCT-91 
25-SEP-91 
13-JUL-92 
10-OCT-91 
29-JUL-92 
19-SEP-91 
22-AUG-9 1 
13-JUL-92 
05-SEP-91 
20-AUG-91 
08-J U N-92 
04-SEP-91 
04-SEP-91 
12-SEP-91 
27-J U L-92 
05-SEP-91 
20-AUG-91 
23-SEP-91 
08-OCT-91 
10-AUG-92 
10-OCT-91 
22-AUG-91 
05-SEP-91 
05-SEP-91 
13-JUL-92 
26-SEP-91 
19-SEP-91 

U-238DA 
PU239/40 
AM241 
PU239/40 
PU239/240 
U-233,-234 
U-235 
U-235 
U-238DA 
U-238DA 
U-233,-234 
P U239/40 
AM241 
U-233,-234 
U-233,-234 
PU239/40 
AM-241 
U-238DA 
U-238DA 
U-233,-234 
U-235 
U238 
U-233,-234 
U-233 ,-234 
U-233,-234 
U-238DA 
U-233,-234 
PU239/40 
Americium 2 
U-238 
U-233,-234 
P U23 9/40 
AM-241 
U-238DA 
U238 

Plutonium 2 

PU239/40 

U-233,-234 

AM-241 

U-233,-234 

0.8600 PCVL 
0.6800 PCI/L 
0.6400 P W L  
0.6087 PCI/L 
0.5300 PCVL 
0.4500 PCI/L 
0.3300 P W L  
0.3090 PCI/L 
0.2330 PCI/L 
0.2123 PCI/L 
0.1912 P W L  
0.1900 PCI/L 
0.1700 PCVL 
0.1679 PCI/L 
0.1475 PCI/L 
0.1400 PCI/L 
0.1382 PCI/L 
0.1207 PCI/L 
0.1135 PCI/L 
0.1100 PCI/L 
0.0966 PCI/L 
0.0952 PCVL 
0.0900 PCI/L 
0.0750 PCI/L 
0.0732 PCI/L 
0.0732 PCVL 
0.0699 PCI/L 
0.0520 PCI/L 
0.0514 PCI/L 
0.0500 PCI/L 
0.0477 PCI/L 
0.0459 PCVL 
0.0440 PCVL 
0.0406 PCI/L 
0.0400 PCI/L 
0.0381 PCI/L 
0.0242 PCI/L 
0.0220 PCI/L 
0.0208 PCI/L 
0.0206 PCVL 

A 
JA 

v 

A 
A 
A 
JA 
JA 
A 
A 

v 
A 
A 
v 
JA 
A 

A 

A 
A 
A 
A 
A 

A 
A 
A 
v 

A 
A 
A 
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Table 4-8. 
TRENCH/PIT 

SURFlClAL SOILS 
RINSATE RESULTS 

TR12 

TR19 
TRIO 

TR09 

T R O ~  

~ ~ 2 5  

TRX 
T R O ~  
T R O ~  
T R O ~  

T R O ~  

T R O ~  

TROT 

~ ~ 2 4  
TRX 
~ R I  4 
r ~ 2 4  
r ~ 2 5  

TRX 
~ ~ 2 6  
T R O ~  
T R O ~  
TROT 
T R O ~  
T R O ~  

TRIO 
TR14 

TR12 

TR11 

TR19 

TROl 
TRI 9 

TR09 
TR09 
TRIO 
TR12 
~ R I  4 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

TR00392WCU2 
TROOI 49WCU2 
TROOI 82WCU2 
TR00234WCU2 
TR00301 WCU2 
TR00217WCU2 
TR00392WCU2 
TR00423 WCU2 
TR00317WCU2 
TROOI 82WCU2 
TR00250WCU2 
TR00423WCU2 
TR00268 WCU2 
TR00382WCU2 
TR00285WCU2 
TR00317WCU2 
TROOl49WCU2 
TROOl98WCU2 
TR00234WCU2 
TR00250 WCU2 
TROOI 98WCU2 
TR00234WCU2 
TR00357WCU2 
TR00149WCU2 
TR00217WCU2 
TR00217WCU2 
TR00392WCU2 
TR00423WCU2 
TR00317WCU2 
TR00317WCU2 
TR00334WCU2 
TR00301 WCU2 
TR00301 WCU2 
TROOI 82WCU2 
TR00268WCU2 
TR00250WCU2 

29-JUL-92 PU239/40 
04-SEP-91 U-235 
12-SEP-91 AM-241 
23-SEP-91 U-238DA 
08-OCT-91 AM-241 
19-SEP-91 U-235 
29-JUL-92 AM-241 
25-AUG-92 AM-241 
09-OCT-91 PU239/40 
12-SEP-91 PU239/40 
24-SEP-91 AM-241 
25-AUG-92 PU239/40 
25-SEP-91 AM-241 
27-JUL-92 AM-241 
26-SEP-91 AM-241 
09-OCT-91 AM-241 
04-SEP-91 AM-241 
17-SEP-91 AM-241 
23-SEP-91 PU239/40 
24-SEP-91 PU239/40 
17-SEP-91 PU239/40 
23-SEP-91 AM-241 
08-JUI\s-92 PU239/40 
04-SEP-91 PU239/40 
19-SEP-91 AM-241 
19-SEP-91 PU239/40 
29-JUL-92 U-235 
25-AUG-92 U-235 
09-OCT-91 U-235 
09-OCT-91 U-238DA 
10-OCT-91 U-233,-234 
08-OCT-91 U-235 
08-OCT-91 U-238DA 
12-SEP-91 U-235 
25-SEP-91 U-238DA 
24-SEP-91 U-235 

0.01 80 
0.0122 
0.01 1 9  
0.01 19 
0.01 04 
0.01 03 
0.0089 
0.0079 
0.0077 

0.0067 
0.0065 
0.0061 
0.0059 
0.0053 
0.0037 
0.0036 
0.0034 
0.0033 
0.0028 
0.001 8 
0.001 5 
0.001 3 
0.0013 
0.0013 

0.0070 

o.ooia 
o.oooa 
o.oooa 

o.oooa 
o.oooa 
o.oooa 
o.oooa 
o.oooa 

o.oooa 

0.0000 

0.0000 

PCllL A 
PCI/L A 
PCI/L A 
PCI/L A 
PCVL A 
PCVL A 
PCVL A 
PCVL A 
PCI/L v 
PCI/L A 
PCVL A 
PCVL A 
PCVL A 
PCVL A 
PCI/L A 
PCVL v 
PCVL A 
PCI/L A 
PCVL v 
PCVL A 
PCI/L v 
PCVL A 
P W L  A 
PCI/L v 
PCVL A 
PCI/L v 
PCI/L A 
PCI/L A 
PCI/L v 
PCI/L v 
PCI/L v 
PCI/L A 
PCI/L A 
PCI/L A 
PCI/L A 
PCI/L A 

2 o f 2  7/3 1 /97 



Results for 34 “real” samples were downloaded Rom RFEDS for plutonium-239/240, indicating 
that 6 sites were sample twice. No samples exceeded the detection limit of 0.03 pCi/g. No 
plutonium-239/240 sample results were validated as rejected results. A plutonium-239/240 value 
was determined acceptable for each sample collected at all 28 plots (100%). The lower plutonium 
value for the plots with two results should be excluded for the usable data set. 

Results for 34 “real” samples for americium-241 were provided from RFEDS, indicating that 6 plots 
were sampled twice. No samples exceed the detection limit of 0.02 pCi/g for americium. Six 
sample results were validated as rejected results. Acceptable results for americium-241 are 
available for 24 of the 28 plots sampled (86%). The rejected results and lower americium value for 
the plots with two results should be excluded for the usable data set. 

Results for 34 “real” samples for uranium-233/234, uranium-235, and uranium-238 were provided 
from RFEDS, indicating that 6 plots were sampled twice. No samples exceeded the detection limit 
of 0.3 pCi/g. No sample results were validated as rejected. Therefore, acceptable results for 
uranium isotopes are available for 28 of the 28 plots sampled (100%). The lower uranium value 
for the plots with two results should be excluded for the usable data set. 

TM5 proposed the collection of surface soil samples at 28 plots for radiochemical analyses to 
include plutonium-2391240, americium-241, uranium-2331234, -235, and -238 for a total of 140 
sample results. Validated data was provided for a total of 136 samples for 97% completion. TM5 
states that the target completeness objective for both field and analytical data for this project are 
90%. 

4.3.1.2 QC SAMPLES 

Overall, 95% of the required QA/QC analyses provided acceptable results. 

A total of 4 duplicates were collected and analyzed for plutonium-239/240, americium 24, and 
uranium isotopes in support of the sampling program. These samples met the frequency 
requirements of 1 in 20 as required by the QA/QC section of TM5. Of the samples analyzed for 
plutonium-239/240, no analyses exceeded the detection limit of 0.03 pCi/g and no plutonium- 
2391240 sample results were validated as rejected. The samples were analyzed for americium, 
no analyses exceed the detection limit of 0.02 pCi1g. However, three samples were validated as 
rejected. These samples were not utilized in the calculation of the RPD. 

Four (4) duplicate samples were submitted to the laboratories for the analysis of uranium 
isotopes, this frequency meets the requirements of the QAA. However, one of the sample results 
were validated as rejected for all uranium isotopes analyzed. Overall with 24 plots being sampled, 
the QAA requires the collection of 2 duplicate samples for a total of 10 analyses (Pu, Am, U- 
isotopes). Thirteen results were acceptable for a +loo% completion percentage. 

With 28 plots being sampled, the QAA requires the collection of 2 duplicate samples for a total of 
10 analyses. Fifteen results were acceptable for +I 00% completion percentage. 

A total of 2 rinsate samples were required to be collected and analyzed for a total of I O  analyses. 
One americium result was validated as rejected. Nine results were considered acceptable for this 

sampling program. Therefore, a total of 190% of the required rinsate data was completed. 



4.3.2 OU-2 PHASE I I  RFI/RI SURFACE SOIL DATA 

4.3.2.1 CDH Samplinq Method 

The data was downloaded from the RFEDS and was determined to be 98.7 percent validated 
prior to evaluating for usability according to this procedure. Seventy-five results were validated as 
rejected and were excluded as usable data. 

* 

4.3.2.1.1 Real Samples 

The OU2 Work Plan proposed the collection of surface soil samples at 124 plots for radiochemical 
analyses to include plutonium-239/240, americium-241, uranium-233/234, -235, and -238 for a 
total of 620 sample results. Validated data was provided for a total of 585 samples for 94% 
completion overall. The OU2 QAA states that the target completeness objective for both field and 
analytical data for this project are 90%. 

A total of 118 surface soil samples were collected at 11 8 of the proposed 124 plots for 
radiochemical analyses to include plutonium-239/240, americium-241, uranium-233/234, -235, 
and -238. 

Results for 140 “real” samples were downloaded from RFEDS for plutonium-239/240, indicating 
that 22 samples were reanalyzed. Twelve samples exceeded the detection limit of 0.03 pCi/g. 
However all results of these samples were above the detection limit and are consider acceptable 
for the determination of spatial extent of contamination. Eleven plutonium-239/240 sample results 
were validated as rejected results, however, these samples were reanalyzed and results were 
validated. A plutonium-239/240 value was determined acceptable for each sample collected at all 
11 8 plots (100% complete). 

Results for 140 “real” samples for americium-24lwere provided from RFEDS, indicating that 22 
samples were reanalyzed. Fifteen (1 5) samples exceed the detection limit of 0.02 pCi/g for 
americium. These sample results were above the detection limits and are considered acceptable. 
Twelve sample results were validated as rejected results, however 11 of the samples were 
reanalyzed and results were validated. Sample SSOOO45WCU2 for Plot PT081 was validated as 
rejected and was not reanalyzed. Therefore, acceptable results for americium-241 are available 
for 117 of the 11 8 plots sampled (99% complete). 

Results for 142 “real” samples for uranium-233/234 were provided from RFEDS, indicating that 24 
samples were reanalyzed. One samples exceeded the detection limit of 0.3 pCi/g. The result was 
higher than the detection limit but the result was validated as rejected. A total of 12 uranium- 
2331234 sample results were validated as rejected, however, eleven were reanalyzed and the 
results were acceptable. Sample SSOOO28WCU2 at Plot PTIOO was validated as rejected and 
not reanalyzed. Therefore, acceptable results for uranium-233/234 are available for 117 of the 
11 8 plots sampled (99% complete). 

Results for 144 “real” samples for uranium-235 were provided from RFEDS, indicating that 26 
samples were reanalyzed. Twelve samples exceed the detection limit of 0.3 pCi/g for uranium- 
235, however, eleven of these samples were reanalyzed and the results were acceptable. 
Sample SSOOO28WCU2 at Plot PTIOO was validated as rejected and not reanalyzed. Therefore, 
acceptable results for uranium-235 are available for 11 7 of the 1 18 plots sampled (99% 
complete). 

Results for 144 “real” samples for uranium-238 were provided from RFEDS, indicating that 26 



samples were reanalyzed. No samples exceed the detection limit of 0.3 pCilg. One sample 
SSOOO28WCU2 at Plot PTl  00 was validated as rejected and not reanalyzed. Therefore, 
acceptable results for uranium-238 are available for 11 7 of the 11 8 plots sampled (99% 
complete). 

4.3.2.1.2 QC Samples 

General results for precision compliance are discussed in Section 4.1, while rinsate compliance is 
discussed in Section 4.2. Overall, 77% of the required QNQC analyses provided acceptable 
results. 

A total of 7 duplicates were collected and analyzed for plutonium-239/240 and americium 241 in 
support of the CDH sampling program. These samples met the frequency requirements of 1 in 
20 as required by the QAA. Of the samples analyzed for plutonium-2391240, no samples 
exceeded the detection limit of 0.03 pCi/g. Two plutonium-239/240 sample results were validated 
as rejected results and reanalyzed at a different laboratory with results being validated. The 7 
samples were also analyzed for americium, no sample results exceed the detection limit of 0.02 
pCi/g. Two sample results were validated as rejected results and reanalyzed with results being 
acceptable. 

Six (6) duplicate samples were submitted to the laboratories for the analysis of uranium isotopes, 
this frequency meets the requirements of the QAA. However, two of the sample results were 
validated as rejected for all radionuclides analyzed. These two samples were reanalyzed at a 
different laboratory with results being validated. With 118 plots being sampled, the QAA requires 
the collection of 6 duplicate samples for a total of 30 analyses. Twenty-six results were 
acceptable for a 86% completion percentage. 

With 11 8 plots being sampled, the QAA requires the collection of 6 duplicate samples for a total of 
30 analyses. Twenty-six results were acceptable for a 86% completion percentage. 

A total of 7 rinsates were collected and analyzed for plutonium-239/240 and americium 241 in 
support of the CDH sampling program. These samples met the frequency requirements of 1 in 
20 for rinsate samples as required by the QAA. Of the samples analyzed for plutonium-239/240, 
no samples exceeded the detection limit of 0.03 pCi/g or were rejected. Samples analyzed for 
americium-241 did not exceed the detection limit of 0.02 pCi/g or were rejected. 

Only 2 rinsates samples were analyzed for uranium-233/234, -235, and -238. This frequency did 
not meet the requirements of 1 in 20 for rinsate samples in the QAA. Two analyses for each 
uranium-isotope was performed All analytical results for the isotopes were validated as rejected 
for the first analyses. The samples were reanalyzed with results being validated. 

Of the 11 8 plots proposed for sampling 6 rinsate samples are required to be collected. Of the 6 
samples determination of plutonium-239/240, americium 241, uranium-2331234, -235, and -238 
were to be performed for a total of thirty analyses. Analytical results for rinsate samples were 
acceptable for 18 samples for a completion of 60 percent. 

4.3.2.2 RFP Samplinq Method 

Data downloaded from the RFEDS were determined to be 80 percent validated prior to evaluating 
for usability according to this procedure. The Phase I I  RFI/RI Report states that 118 plots were 
sampled and analyzed; RFEDS provided data for only 106 plots. Uranium isotopes were not 
analyzed for samples collected utilizing the RFP sampling method. 



4.3.2.2.1 Real Samples 

The OU2 RFI/RI does not state the decision driving the investigation. Based on the subsequent 
documentation the data was generated to compare RFP sampling technique with the CDH 
sampling technique. Using these assumptions 103 plots provided plutonium-239/240 results 
which are usable out of 11 8 plots proposed for sampling in support of this program. Sample 
results validated as rejected have been excluded. This represents 87% of the plots proposed for 
sampling (1 18) provided useful data for the sampling comparison study. 
A total of 236 samples were analyzed for this sampling program. Thirty-three results were 
validated as rejected and are not usable. Therefore, a total of 89% of the data is considered 
usable. Overall, 83% of the RFP sampling method data proposed to be collected for the 
comparability study were validated. The OU2 QAA states that the target completeness objective 
for both field and analytical data for this project are 90%. 

Plutonium-239/240 data was available from 106 plots, Plot 28 was resampled, therefore, 107 
samples were provided to the laboratory for analysis. A total of 114 plutonium-241 analyses were 
performed on these samples. Seven samples were reanalyzed. Analyses of 32 plutonium- 
239/240 samples exceeded the detection limit of 0.03 pCi/g. However, all results of these 
samples were above the detection limit and are considered usable for the determination of spatial 
extent of contamination, with the exception of 4 which were validated as rejected. Four plutonium- 
2391240 sample results, previously mentioned, were validated as rejected results. Data from 103 
plots were determined to be validated of the 107 plots in which data was evaluated. However 11 8 
plots were to be evaluated therefore, 87% of proposed plots generated americium-241 data which 
was validated. 

* 

Americium data was available from 106 plots, Plot 28 was resampled, therefore 107 samples 
were provided to the laboratory for analysis. A total of 174 americium-241 analyses were 
performed on these samples. It appears that 72 samples were reanalyzed. Thirty-two samples 
exceed the detection limit of 0.02 pCi/g for americium. Fourteen of these sample results were 
above the detection limits and are considered usable. Twenty-nine sample results were validated 
as rejected results. Results for 135 analyses were validated from 92 plots. Numerous plots had 
multiple americium-241 “real” results because of sample reanalysis or two separate laboratories 
performing analyses on the same sample. The lower result value was excluded from the 
database leaving one (the highest) americium-241 value for each plot. Ninety-two plots have 
americium-241 results of the 107 plots in which data was evaluated. With an original objective of 
118 plots, 78% of proposed plots generated usable americium-241 data. 

4.3.2.2.2 QC Samples 

A total of 11 duplicates were collected and analyzed for plutonium-2391240 and americium 241 in 
support of the RFP sampling program. These samples met the frequency requirements of 1 in 20 
as required by the QAA. Of the samples analyzed for plutonium-239/240, two samples exceeded 
the detection limit of 0.03 pCi/g. Two samples exceeded the detection limit of 0.02 pCi/g for 
americium. No results were validated as rejected, therefore, a total of 100% of the duplicate 
sample result data is considered usable. 

A total of 8 rinsates were collected and analyzed for plutonium-239/240 and americium 241 in 
support of the RFP sampling program’s 11 8 locations. These samples met the frequency 
requirements of 1 in 20 for rinsate samples as required by the QAA. Of the samples analyzed for 
plutonium-239/240, no samples exceeded the detection limit of 0.03 pCi/g or were rejected. 
Samples were collected and analyzed for americium-241, no samples exceeded the detection 



limit of 0.02 pCi/g or were rejected 

Of the 11 8 plots proposed for sampling 6 rinsate samples are required to be collected. Of the 6 
samples plutonium-239/240 and americium 241 were planned for a total of twelve analyses. 
Analytical results for rinsate samples were acceptable for 16 analyses for a completion of 100 
percent. 

4.3.3 SOIL PROFILE DATA 

Data were determined to be 97 percent validated. The Phase I I  RFllRl Report states that 26 plots 
were sampled and analyzed, RFEDS provided data for only 25 plots. Samples from Trench 6 
exceeded limitations for transporting to an offsite lab and therefore were not evaluated. 

4.3.3.1 Real Samples 

Overall, 921 sample results provided acceptable data out of 1,300 proposed (5 analyses x 260 
samples) analyses for a 71 % completion. 

Plutonium-239/240 data was available from 25 trenches with 258 samples. A total of 296 
plutonium-239/240 analyses were performed on these samples. Forty samples were reanalyzed. 
Analyses of 15 plutonium-239/240 samples exceeded the detection limit of 0.03 pCi/g of which 6 
of the sample results were validated as rejected. However, results of the remaining samples were 
above the detection limit and were acceptable. A total of 73 results were validated as rejected. 
Plutonium-239/240 data from 224 samples were determined to be validated at 24 of the 26 
trenches in which data was evaluated. Based on 10 samples proposed at each of the 26 trenches, 
86% (2241260) of the plutonium-239/240 data was validated and useable. 

Americium-241 data was available from 25 plots with 257 samples. A total of 301 americium-241 
analyses were performed on these samples. Approximately 44 samples were reanalyzed. Forty- 
two samples exceeded the detection limit of 0.02 pCi/g for americium and 38 of these were 
rejected, leaving four results above detection limits and considered usable. A total of one- 
hundred- nine americium samples results were validated as rejected. Results for 184 analyses 
were validated from 21 trenches. Seventy-one percent (184/260) of the americium data was 
evaluated as acceptable. 

Uranium-233/234 data was available from 25 plots with 258 samples. A total of 268 uranium- 
2331234 analyses were performed on these samples. Approximately 10 samples were 
reanalyzed. Eighteen samples exceeded the detection limit of 0.3 pCi/g of which all these results 
were rejected. A total of ninety uranium-233/234 samples results were validated as rejected. 
Results for 171 analyses were validated from 17 trenches. Sixty-six percent (1 711260) of the 
uranium-233/234 data was evaluated as acceptable. 

Uranium-235 data was available from 25 plots with 258 samples. A total of 268 uranium-235 
analyses were performed on these samples. Approximately 10 samples were reanalyzed. Four 
samples exceeded the detection limit of 0.3 pCi/g of which all these results were rejected. A total 
of ninety-five uranium-235 samples results were validated as rejected. Results for 171 analyses 
were validated from 17 trenches. Sixty-six percent (171/260) of the uranium-235 data was 
evaluated as acceptable. 

Uranium-238 data was available from 25 plots with 258 samples. A total of 268 uranium-238 
analyses were performed on these samples. Approximately 10 samples were reanalyzed. 
Thirteen samples exceeded the detection limit of 0.3 pCi/g of which all these results were 



rejected. A total of ninety-seven uranium-238 samples results were validated as rejected. Results 
for 171 analyses were validated from 17 trenches. Sixty-six percent (1711260) of the uranium-238 
data was evaluated as acceptable. 

4.3.3.2 QC Samples 

Based on the number of samples collected (268) to meet the one in twenty frequency, fourteen 
samples should have been collected for each analytical method. Five analyses were to be 
performed on each duplicate for a total of 70 analyses. The evaluation indicates that results from 
41 analyses provided acceptable results for 59% (41/70) completion factor. 

Ten duplicate samples were collected in support of the trench project. These samples did not met 
the frequency requirements of 1 in 20 as required by the QAA. Eleven analyses were performed 
for plutonium-239/240. Of the samples analyzed for plutonium-2391240, no analyses exceeded 
the detection limit of 0.03 pCi/g. Two plutonium-239/240 QAlQC sample results were validated as 
rejected results, one sample was reanalyzed and the results were validated. Nine samples 
provided acceptable results. 

Twelve analyses were performed for americium-241, two samples exceeded the detection limit of 
0.02 pCi/g and were validated as rejected. A total of 4 sample results were validated as rejected, 
one sample was reanalyzed with acceptable results. Eight samples provided acceptable results. 

Eleven analyses were performed for uranium-233/234, no samples exceeded the detection limit of 
0.3 pCi/g. A total of 3 sample results were validated as rejected, one sample was reanalyzed 
with acceptable results. Eight samples provided acceptable results. 

Eleven analyses were performed for uranium-235, one sample exceeded the detection limit of 0.3 
pCi/g and was validated as rejected. A total of 3 sample results were validated as rejected. Eight 
samples provided acceptable results. 

Eleven analyses were performed for uranium-238, no samples exceeded the detection limit of 0.3 
pCi/g. A total of 3 sample results were validated as rejected. Eight samples provided acceptable 
results. 

Overall, 75 rinsate analyses provided acceptable results, 14 samples and 70 analyses were 
required to meet the 1 in 20 frequency. Rinsate results were 100% complete. 

A total of 23 rinsates were collected and analyzed for plutonium-239/240, americium 241 and 
uranium isotopes in support of the trench sampling program. These samples met the frequency 
requirements of in 20 for rinsate samples as required by the QAA. Of the samples analyzed for 
plutonium-239/240, four samples exceeded the detection limit of 0.03 pCi/g, of which two were 
validated as rejected. A total of three samples results were validated as rejected. One sample 
result which was not validated had a result lower than the detection limit and was excluded from 
the evaluation. Analyses of nineteen samples provided acceptable results 

Samples were collected and analyzed for americium-241; nine samples exceed the detection limit 
of 0.02 pCi/g of which three were validated as rejected. These were the only sample results 
validated as rejected. Analyses of twenty samples provided acceptable results for americium-241. 

Twenty-three samples were collected and twenty-five analyses were performed for uranium-235. 
Three samples exceeded the detection limit of 0.3 pCi/g of which none were validated as rejected. 
A total of six results were validated as rejected, providing nineteen sample results which were 

acceptable. 



Samples were collected and analyzed were for uranium-238, three samples exceed the detection 
limit of 0.3 pCi/g of which none were validated as rejected. A total of six results were validated as 
rejected, providing seventeen sample results which were acceptable. 

4.4 REPRESENTATIVENESS 

In general, samples are representative of the media requested in the original work plans, based 
on work plan compliance and compliance with required sampling protocols (Le., standard 
operating procedures {SOPS}). Adherence to procedures was verified by several QA 
surveillances in the field. 

4.4.1 OU-1 PHASE Ill RFI/RI SURFlClAL SOIL DATA 

Twenty-eighth plots were identified in TM5 for sampling. A total of 34 samples were collected 
from 28 plots for a total of 100% of the locations being sampled. 

Representativeness of OU1 Phase 111 Sampling Results 

RAQ32, RA033, and RA037 
were sampled twice. 

4.4.2 OU-2 PHASE I I  RFI/RI DATA 

One hundred-twenty four plots were identified in the OU2 Work Plan for sampling. A total of 118 
plots were sampled utilizing the CDH method for a total of 95% of the locations being sampled. 

RFP samples were collected at each plot a CDH sample was collected for a total of 118 samples. 
Only data from 106 plots were obtained from RFEDs. The analytical results from the remaining 
12 plots could not be located in RFEDS. 

Representativeness of CDH Sampling Method Results 

-6 Plots 2, 8, and 9 were not 
sampled because they were in 
areas covered with asphalt. 

Plots 7, 14,27, and 18 were 
not sampled because they are 
located in the PA fence and 
soils are highly disturbed. 

I Radionuclides I 124 I 118 I 



program following 
implementation of field 
program. 

One hundred-eighteen plots were sampled by CDH methods and were to be sampled by RFP 
methods. Data for 106 plots were located and evaluated for a total of 90% of the plots being 
evaluated. 

Soil samples were collected at each of the 26 trenches. Samples collected from Trench 6 exceed 
DOT shipping restrictions and were not analyzed. 

Representativeness of RFP Sampling Method Results 

RFP samples were collected at all 
locations CDH samples were 
collected. Only results from 106 
plots could be located for this 
evaluation 

* The collection of RFP method samples were not included in the OU2 Work Plan. 

4.4.3 SOIL PROFILE DATA 

Representativeness of OU2 Phase II Trench Results 

OU2 Phase II  RFIRI Report states 
Trench samples were collected at 
all locations. However, Trench 6 
samples exceed DOT shipping 
restrictions and could not be sent 
off site for analyses. 



4.5 COM PARAB I Ll TY 

Based on radiochemical methods used and cited, radiochemical values of the samples between 
the projects are comparable. However, the areal extent that is represented by each sample result 
may not be comparable, and must be valuated on a location-by-location basis relative to the 
remediation area and "working" soil-volumes of interest. 

5.0 CONCLUSIONS 

Although several 
the PARCC parameters, 
to allow use of 
with respect to current 

were not met with respect to several of 
radiochemistry data were adequate 

representative three-dimensional locations, and 

The OU1 Phase I I  surface soil progra employed systematic composite sampling techniques at 
the center of a randomly selected 50 x 00 feet plots. This method involved the collection of 10 
grab samples and mixing them togethe and analyzing a subsample for the composite. A physical 
averaging process took place so that s bsamples represent the average concentration of the 
original grab samples. Therefore, the ample results represents some average activity over the 
area sampled. The sample results do ot measure variability of extreme concentrations (e.g., hot 
spots). i 
The CDH sampling method employed 
sampled on either 2.5 or 10 acre 
subsamples and mixing them 
averaging process took place 
original grab samples. 
sampled plot. The 

composite sampling techniques over entire plots 
involved the collection of 25 grab 

the composite. A physical 
average concentration of the 
average activity over the 

concentrations over the 
subsampled area. 

The RFP sampling method employed stematic composite sampling techniques at the center of 
each plot previously sampled by the sampling method. This method involved the collection 
of 10 grab samples from two meter areas separated by one square meter. The 
grab subsamples were was collected for the composite sample 
finally analyzed. A place so that a physical average 
concentration of 
represent an 

Therefore, the sample results only 

The OU2 Trench sampling method 
within a trench. This method invol 
trench. The grab samples were 
A physical averaging process t 
concentration of the original grab s 
activity over the sampled depth, at 

Samples were collected at all 2 
by RFEDS. Samples collected 
exceeded routine DOT shippin 
number of acceptable data for 
completion requirements of the OU1 

d composite sampling techniques at several depths 
llection of 3 grab samples from the same depth of the 
er and a subsample was collected for the composite. 
the subsamples represent the average 

Thefore,  the sample results represents an average 
cific trench location. 

ns and analyses from 25 locations were provided 
ere not analyzed because sample activity 
The analyses of samples provided an adequate 

letion. The data were of sufficient quality to meet 
Ill RFVRI DQOs. 
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from Cul ldlng 776 to Ouilding 774 elfmlnated th i s  
add1 tlonrl o i  1 drum generation. 

During the transfer oparationr, i t  was noted that at  
the bottom o f  all drums a deposit o f  sludge remained 
af ter  rcmoval o f  thc oil. 
from 1/2 inch to 3 inches and averaged approximately 
I inch. 8y  drum countcr resu l t s  the sludge within 
the cmpty drums contained a total o f  5,152 grams of 
plutonium. These empty drums were later disposed o f  
by adding Oil Dry and HicroCcl to absorb the sludge. 
The drums containing the plutonium sludge and absor- 
bent were then incased in plast ic ,  placed in boxes, 
and shipped to the burial  grounds. 

The total number o f  drums or i g ina l l y  in the f ie ld  
numbered 5,237. After transfer of  contents, 4,826 
drums were transported to iluilding 774 of w h i c h  
3 ,572  contained plutonium contaminated oi  I. 

Taking the total number o f  5,237 drums minus 4,826 
drums, containing SO gallons cach, which were sent 
t o  Bui ld ing  774 leaves 411 drums to be accounted for. 
The best explanation for  the 411 drums and the volume 
contained within each follows: 

. .  

This sludge varied i n  depth 

A. A l l  of the drums senr t o  the a i l  
storage f i c l d  o r i g ina l l y  were not 
completely f u l l .  

8.  Volume taken up by the sludge which 
was discarded with the empty barrels.  

C. Leakage out of the Sarrols  and into .- tna ground within rhc storage area. 

To the bcst  of  everyone's memory and knowledge, a total 
of approximatcly 100 barrels  containing 50 gallons each 
or 5,000 gal lons  of oil leaked out o f  the drums and was 
absorbed into the so i l  within the fencsd area. 

2000595-0000651 

14. The overage of  a l l  o i l  samples taken from the plutonium 
cantaminrtod o i l  barre l s  war approximatcly 5 x IO" grams 
aF plutonium per l i t a r  of o i l .  This number i s  backed up 
by the l o t tc r  f r o m  fl. E .  Maas dated September 24, 1963, 
that shows a total of  3,065 grms of  plutonium which was  
accounted f o r  during thc process of the concaminatcd o i l .  

., 

! ~ 502 

1. .: 

I 

, :. -. ' . . . ... . . 
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Thcrc were 594 g r w s  salvagcd from filters out of 
.Building 103 and accountild for from organic liquid 
solidificjcion processing in hilding 774 were 
,?,I171 grams total in9 3,065 grams. Thcrefora, taking 
thc 3,572 drums of plutonium which wcre processed ac 
50 gallons cach we g c t  a total of 178,600 gallons 
o r  675,168 liters o i  o i l .  Oividc this number 
of 674,100 lltcrs into 3,065 grams and we get 
4.54 x  IO-^ grains per l i t e r .  

Using 4 - 5 4  x 10" grams per liter in conjunction 
with the estimated 5,000 gallons of oil that rcmains 
undcr the asphalt we will !et (5,000 gal lons  o r  
18,?0O Ilters x 4.54 x 1 0 -  
85.81 grams of plutonium (This is the mount of 
plutonium remaining under the asphalt pad.). 

15. ,-' 

grams per liter) -c 

16. HJY 28, ,561, through June 1 1 ,  1968, the remaining empty 
drums and wooden pallets were placed into waste boxes 
and shipped. 

17. In July, 1968, a survey of tSe plutonium contamination 
on the surface of the soil in the 903 Area was completed. 
The rasulcs of the survey and the Health Physics 
rccommendatlon for containment of thc contamination 
were sent to Division Services, Manufacturing and 
Fac i 1 i I: i cs . 

. b,. 

18. In October, 1968, weeds and vegetation were burned off 
the 903 contaminated barrel srorage area preparatory 
to applying an asphalt cap over the area. No airbornu 
con tam i na t ion p rob 1 ems were encountered. 

19, In November, 1968, grading outsidexhe hot fence area 
'-was started in preparation co applying an asphalt cap 
w c r  thc area. This \ , a r k  consisted of moving slightly 
contaminated soil to the fenced area. 

20. In lata November, 1968, the six contaminated holdlng tanks 
outside Building 903 were disconnected and crated for 
shipment to hot waste. 

21. On Oecember 17, 1968, E. Nathews. USAEC ALO Operational 
Safety Oivision, visited Rocky Flats. 
his visit was to discuss the history and corrective 
actions for the 903 Area. Hc also indicated an interest 
i n  the drurn storagc area c a s t  of the nitrate ponds. 

The purpose o f  

2000595-00006583-502 
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On January I s ,  1963, the hot fence was . 
hot waste boxcs and shipped. 

.:ed into two 

On February 15, 1969, three more w ~ s t a  boxes were shipped 
from the 903 Area containing Typo 5 LjSA waste. 

Tho two fork lifts which were highly contaminatcd during 
the o i l  drum removal were placed Into wooden crates and 
shipped to hot waste on Apri 1 1, 1969. 

During May, 1969, a total of 33 drums of contaminated 
rocks were removed from the 903 Area and discarded as 
hot . waste . ' i  

'In f lay,  1969, Building 904 was decontaminated and 
removed to a location east of  the Fire Barn to acemodate 
dtybox f larnmabi I i ty studies. 

In Hay, 1969, the road grader used to move contaminated 
so i l  and rocks outside of the 903 fenced area war decontarn- 
inated and released to surplus. 

In July, 1969, Building 903 was moved to a location 
immediately east of Building 666. 

On July 23, 1969, the first course of flll'wrs rpplled to 
the 903 Area. 

The base course material over lay ,  the soi 1 sterilant, and 
the asphalt prime coat for  tSe 903 contamination barrier 
were completed on September 24, 1969. 

During October, 1969, thc asphalt was applied. The four - 
sample wells around the 903 Area wyrc completed on 
November 1.1, 1963. 

Starting February 23, 1970, operations were started to appIy 
additional fill over the surrounding area directly east of . 
903 due to soi I contamination. 

Additional soil fill operations were cunpleted on 
Harch 4, 1970. 

As of April 3, 1970, no water has been detected in the wells. 

tical th Physics 
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EXECUTIVE SUMMARY 

inated soils in the Buffer Zone Operable Unit (OU 

Individual Hazardous Subst 

ity investigations/Comprehensive Environmental 

ed and evaluated to: 

Remediate the sources o 
and associated radiologi 
from unacceptable exposure 
use scenario. 

e soil contamination at IHSSs 112 and 155 

0 Provide i--& surface and subsurface-soil re at will be consistent with the final 
corrective action decisionhecord of decisi OD) for the Buffer Zone OU. - 

--*\ 

* 
J‘ * ntarninated materials at‘the 90 for ex situ treatmenrand off site 

shipment of soils exceeding radiological putback levels, ation of the remaining . k 
ntaininated soils for off site disposal; 

Excavation of VOC co 
separation, and off site shipment of soils exceeding radiolo 
t h G a i n i n g  radiolog 

I 
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treated soil at 903 Pad site. Exc 
transporting soils to the existing 90 

This document describes contaminated sur 

f radiologically contaminated surface soils, 
area and construction of a engineered cover. 

-* ~ . 
nd subsurface soils at the 903 

-4 to rgquiresemediation i 

IHSS 155 903 Lip Area; and 
IHSS 112 903 Pad Drum Storage Are 

/” IHSS 140 Reactive Metal Destruction S 

this IHSS as stated in the Ten Year Plan (DOE, 1996). 

1.0 PURPOSE 

This document summarizes existing data which will be used to 

subsurface soils within the study area. The study area includes: 

903 Pad Drum Storage Slle-(IHSS 112), 
903 Lip Area (IHSS 1551, 

accelerated remedial 

&ALL 

three remedial altern were assumed to be viable. These a1 

ex situ treatment, off site 
s, and excavation of the remaining 

els, and excavation of the 
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Excavation of ted soil beneath the 903 Pad for ex situ treatment, 
ion, protect with temporary engineered cover (Year 
ntaminated surface and subsurface soil beyond the 
cing soils at the 903 excavation site for capping 

. ._ ~ 

. Drum storage at the 903 Pad occurred 

s of the drums contained plutoni 

I 

number were 30-gallon drum were not compl Approximately three- 
fourths of the drums were contaminated, ost of the balance contained 

ost were lathe coolant consisting of a 
d carbon tetrachloride in varying 
draulic oils, vacuum pump oil, 

e oils, and acetone still bottoms. Originally, 
these markings became illegible 

ere kept on the contents. Oil leakage was 
r) ethanolamine was added to the oil to reduce 

trichloroethylene, perchloroethylen 
contents of the drums were indic 
through weathering and no 0th 

cognized, and in 1959 (0 

leakage wsaehd at t!ie 903 Pad Drum Storage 
’”action consisted of transferring the contents of the Ic,akir:g drums to new drums and installing a 
fence around the area io restrict access. Approximate;) 420 drums showed evidence of leakage, 
and of these, an esti:nated 50 leaked their entire contens (Dow Chemical, 1971). An estimate 
5,000 gallons of!icluid (Freiberg, 1970) containing 86 grains (g) of plutonium (5.3 Curies [Ci]) 
leaked into Ihc mil (Dow Chemical, 197 1). 
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A heavy rainstorm in August 1967 caused contaminants to migrate into a ditch south and 
southeast of the drum storage site (Dow Chemical, 1971). During an investigation conducted by 
the Atomic Energy Commission (AEC) Health and Safety Laboratory (HASL), it was estimated 
that as much as 125 g total of plutonium-239 (7.7 Ci) were released from the 903 Pad Drum 
Storage Site and redistributed by winds (Krey and Hardy, 1970). 

From 1968 through 1969, some of the radiologically contaminated soil material was removed, 
the surrounding area was regraded, and much of the area, including the 903 Lip Area, was 
covered with a clean road base. An asphalt cap was constructed over the fenced drum storage 
area in October 1969. 

During radiological monitoring of the 903 Pad in 197 1, four “hot spots” were identified. This 
lead to the removal of 3 1 kilograms (kg) of depleted uranium and up to 10.3 milligrams (mg) of 
plutonium from beneath the asphalt cover. During sampling activities associated with this 
removal action, an oil layer, contaminated with depl 

beneath the contaminated zone 

i 

as discovered in two separate 4 1 0  inches respectiv 
o contamination was 

t was believed that the clay layer served as a natural barrier to 

tration from 0.6 t meters (2 to 10 feet 
OU2 RFI/RI (DOE, 1995) identified 

During drum storage, removal and cleanup activities associated with the 903 Pad Drum Storage 
Site, wind and rain redistributed plutonium beyond the 903 Pad. Contamination was primarily to 
the south and east, extending to the southeast perimeter road creating IHSS 155 - 903 Lip Area 
(Figure 2-2). An estimated 16g of plutonium-239/240 were redistributed beyond the asphalt 
pad, in an area exceeding 2,000 acres (RMRS, 1995). 

The Reactive Metal Destruction Site, a1 
hillside south of the 903 Drum Storage This site was used during the 
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Rockyr 
J 
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?, 

t 

pogenic deposits. The 903 Pad, Lip Area, and Reactive Metal Destruction Site, are located 
within the Rocky Flats Alluvium deposits. Man-made deposits are present at the 903 Pad and 
Lip Area. Areas referenced as 903 Source Area - Non IHSS are located within the Rocky Flats 
Alluvium and hillslope deposits. Geologic, hydrogeology and geochemisty of the study area 
may be found in numerous reports including; a 

Final Phase II RFI/RI Report, 903 Pad, Mound, and East Trenches Area, Operable Unit No.2. 
(DOE, 1995). t 

Geologic Characterization Report for the Rocky Flats Environmental Technology Site 
(EG&G, 1995) 
Groundwater Geochemistry Report of the Rocky Flats Environmental Technology Site 
(EG&G 1995) 

c 

6 

i 

Hydrogeologic Characterization Report for the Rocky Flats Environmental Technology Site /’ 

(EG&G, 1995) // 
Izr .J 
f+ 

3.0 DATA SUMMARY 

and surrounding the 903 Pad and 903 Lip Are 
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used, conditions in the area during the 
for corrective action. 

sphalt at the 903 Pad 

and may have impacted 
round surface. The 

correspondence states that the Contamination was carried into the soil by a liquid and that the soil 
conditions within the fenced area do not permit accurate penetration determination. However, “a 
spot survey in the southwest section indicated 60 micrograms (Pu) per square meter of pad area 

depth of 8 inches with no indication of having reached the limit of penetration”. 
P occl p%q ~~~~~~ fl.=r,t,r CJ:S)til* *~~~~~ 2 
nstmrnenthtjon used to perform the 

e survey results to micrcgrams per square sumey. It does state that 
meter was obtained fhm the Emergency Radiation Monitoring Tedm Training Manual. A map //L.3h:Lkd 

results of the survey er square and is provided in 
I 

conducted in 1971 on the surface of the asphalt p 

round, the survey in general co 



Rocky Mountain Remediation Services RF/RMRS-O~-XXX 
903 Pad, Lip Area, and Non-IHSS Area Revision: x 
Data Summary 0713 1/97 

“DRAFT- RMRS Internal Review 11” Page: 7 of 25 

’ C  

3.1.3 g High Puritv Germanium (HPGej Su~%evs * , B-VT 

een conducted at the WETS to provide a baseline radionuclide 
mine subsequent imp 
are provided below. 

criticality accident 
of the area in J 

. \ The flights were co 4 at an altitude of 150 ff 

from the terrain surijce in and around the plant. These measurements allowed an estimate of the - 
f isotope concentrations in the survey area. Results are reported as isoradiation 
of total terrestrial exposure rate, man-made count rate, americium-241 count rate, 

137 count rate isopleths superimposed on aerial photographs of the area. The 
ntration contours presented on iiiaps are grouped into ranges including; 0-50, 50- 120, 

120-240,240-600, 600-2400, 2400-9600, and 9600-38400 counts per minute (cpm). 

ericiuin-24 1 isoradiation coiitour map (Figure 3-4) presents isoradiation contours of 50- 
s per minute (cpm) on the 903 Pad. The isoradiation contours sharply increase moving 

off the 903 Pad to the Lip Area where they increase to a maximum range of 600 to 2400 cpm. 
These concentrations are limited to the Lip Area and decrease moving off the Lip area eastward 
to 240 -600 cpm in a small area adjacent to the 903 Lip Area perimeter road. Concentrations 
gradually decrease back to 50 cpm moving eastward with three isolated pockets of higher 
concentrations (50-120 cpm) are present 3,000 feet east of the 9G3 Pad. 

Ground measureinelits were obtained at the same time as the aerial survey to correlate the two 
measurements. Ground measureinelits wese obtained by either a truck mounted or a tripod 



M- 

In Situ Survey of the US DOE’S Rocky Flats Plant 

situ radiological survey 
ember 8, 1990. The survey 

suspended 7.5 meters above 
with 1 %-foot centers. -The einents were obtained with a field 

matrix and averaged over the top 3 cni (1.2 i 
support of this field effort. 

les were collected in 

-3+ 
The results, presented as isoconceiitration contours) indicate &ericium-24 1 activities ranging 
from 1 pCi/g to 60 pCi/g adjacent to the road west of the 903 Lip Area. Figure 3-5 presents the 
map generated for the report. 

3.1.3.3 1994 In Situ HPGe Survev of the 903 Pad and 903 Lip Areas 

150 ft in diameter. 

well with the HPGe survey conduct 

RFURT Surface Soil Invcstigations 

Two previous investigatip 

of surface soils from I 1  

trenching method. 

Phase 11 RFI/RI and OUl Phase I11 RFI/RI, included the 

profile pits were sampled using a 
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hin each selected plot. 

for Usability in Final Reports. The procedure is based on 
the relationship of data to the data quality objectives. This evaluation determines the adequacy 

provides the draft report presenting the results of the usability evaluation (RMRS, 1997). 

activity in the soil shall be limited so that the following relationship exists: 

Ef the sum of ratios, ns calculated in the equation 2.1, exceeds 1 an evaluation, remedial action, 

hypothetical resident scenario. 
i 

TABLE 3-1 
i 

RFCA ALF TIER I SOIL ACTION LEVELS - RADIONUCLIDES 

i / 
1 

i i 
1 

I \ P lutonium-23 m 4 0  1429 
Uranium-234 1738 

\ Uranium-235 135 
Uranium-23 S 586 

\ 
‘\ 



Rocky Mountain Remediation Services RF/RMRS-O~-XXX 
903 Pad, Lip Area, and Non-IHSS Area Revision: x 
Data Summary 0713 1/97 

“DRAFT- RMRS Internal Review 11” Page: 10 of  25 

3.1.4.1 OU2 CDH Samuling Method - Spatial ExtentjFate and Transport Study 

The OU2 Phase I1 RFI/RI Surface Soil Sampling Program utilizing the CDH sampling method 
was conducted to determine the spatial extent of radiological contamination withi OU1 and 
o u 2 .  x 
Four 2.5-acre plots (Plots 21,22, 30, and 31) and seven 10-acre plots (Plots 0, 1, 3 ,4, 10, 11,and 
23) were sampled in support of the OU1 Phase I11 RFI/RI. The remaining 107 plots were 
sampled in support of the OU2 Phase I1 RFURI. Figure 3-8 provides the locations of the plots 
sampled in support of this program. 

U-235 were well wifhin the 
em of localized sp tial 
n the natural rang 4 of U-238 

I ,  
f I  

analytical results represent 
9 provides the locations of 

plots exceeding RFCA Tier I action levels for radionublides. 
+p.\ q -k 

3.1.4.2 OU2 RFP Sampling Method - Spatid ExtenUFate and Transport Study 

was conducted to assess 

sampling method. I;lo 

to be useable base on an evaluation of radiologica 
isotopes was not proposed in the analytical progr 
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Table 3-3 provides analytical results for radio 
for samples collected for the RFP sampling program. The surface soil results indicate that the 
sum of ratios for radionuclides from three 2.5 acre areas, Plots 29,36, and 46, exceed RFCA Tier 
1 action levels. Based on the nature of the sampling method, the analytical results represent the 
physical average of radionuclides over the area sampled or 3 square meters at the center of each 
plot. Figure 3- 10 provides the sample locations using the RFP sampling method exceeding the 
RFCA Tier I surface soil action levels. 

3.1.4.3 , OU2 Modified RFP Sampling Method - Human Health Risk Assessment Study irlr~ 

1 human health ris de.* 
ned to evaluate 

extent of non-radioactive contamination (SVOCs, metals, and pesticidesPCBs) as well as 
radioactive containination, excluding americium-24 1, plutonium-239/240, and uranium-isotopes. 
Radionuclides analyzed for this investigation include cesium-1 34, -1 37, gross alpha, gross beta, 
radium-226, radium-228, and strontium-89, -90. 

*- \ 

I 
5 %  K- 

The OU2 study area was divided into 9,126 contiguous 50 feet by 100 feet plots. Forty plots 1.- 
were systematically selected for sampling. Six of the forty were biased plots selected for 
sampling because they were located within IHSSs potentially containing contaminated surface 
soils. The remaining 34 plots were evenly spaced throughout the OU2 area. One composite 
sample was collected from each of the plots using a modification of the RFP method. 
locations of the soil samples collected in support of the human health risk assessment 
provided in Figure 3 - 1 1. 

Non-radiological conipomds in surface soils were found to be less than the Tier I action lev 
and therefore do not require any action under RF’CA. 

3.1.4.4 OU2 Soil Profile Sampling Program 

Twenty-six soil proiile pits were excavated and sampled in support of the investigations&$! 
actinide distribution. fate and transport in soil for the OU2 Phase I1 RFI/RI. Figure 3-12 provides 
the pit sample locations. Ten soil samples were collected per pit according to the following depth 
intervals (in cm): 0-3, 3-6, 6-9, 9-12, 12-18, 18-24,24-36, 36-48,48-72 and 72-96. Per RFC 
the top 6 inches (1 5.24 cm) is considered surface soil. Samples were an 
239/240, americium-24 1 and uranium-2_;3/234, -235, and -238. ‘ r(13%a3 more than 90%) of the plutoiiium-239/240 and americium-2 
upper 12 cin of thz soil. regardless of [lie soil characteristics or distance and direction from the 
source (Litaor et. al., 1994). 

A55 e 4 
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Table 3-4 provides analytical results for soil profile ra&onuclides and RFCA Tier I ratios and 
sum of ratios for samples collected for this program. ,The soil sample results indicate that the 
sum of ratios for radioiiuclides from Pit TR 08 e 
cm (10.68 in.). Table 3-5 provides the sum of r 
Pit TR08. Pit TR08 is located in Plot 28 which 
based on RFCA coinparison of the CDH sampl 
TR06 (Figure 3-1 2) exceeded DOT shipping restricti 
also located in Plot 28. It is 
below the surface soil leve 

d RF‘CA Tier I action levels to a depth of 27 
for radionuclides for samples collected from 
ntified as exceeding Tier I soil action levels 

Samples collected from Pit 
ot analyzed. Pit TR06 is 

exceed Tier I action levels 
roximity to Pit TR08. 

a ‘ i *  

TABLE 3-5 

OPERABLE UNIT NO. 2 PHASE I1 RFI/RI 
TRENCH SAMPLING METHOD - SOIL PROFILE PIT TR08 

RFCA TIER I SUM OF RATIOS COMPARISON - RADIONUCLIDES 

TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 

0-3 
3-6 
6-9 
9-1 2 
15-21 
21-27 
33-39 
45-5 1 
69-75 
93-99 

TR00331 WCU2 
TR00330WCU2 
TR00329WCU2 
TR00328WCU2 
TR00327WCU2 
TR00326WCU2 
TR00325WCU2 
TR00324WCU2 
TR00323WCU2 

7.7843 
3.2948 
3.2540 
7.6719 
2.0584 
2.2325 
0.41 19 
0.0165 
0.001 3 
0,0099 
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._ 

! 

I 
I 

I 
i 
1 

RFCA sets forth action levels and standards which incorporate Ian 
evels are calculated radiation dose limi 

/ 

effect of remedial actii ities on tlie long-term prote 

In 1996, a panel of actinide experts, the Actinide Migration Expert Panel, was formed to review 
existing data on actinide migration at RFETS and make recommendations for future work. Their 
recommendations included activities to: 

Develop a conceptual model for actinide transport, based on a thorough understanding of 
chemical and p h y s i d  processes; 
Investigate the long-term impacts of actinide geochemistry mobility on remedial 
requirements; aiid 
Evaluate tlie protectiveness of the RFCA soil action levels to surface water quality. 

‘>n June 1997 the Actinide Migration Expert Panel implemented a work plan for the collection of 
6 surface and subsurkiacc: soil samples located in Plot 34 (Figure 3-8). The purpose of the 
investigation was to provide preliminary plutonium phase speciation and soil distribution 
coefficients (Kd) values for 903 Pad area soils. A final report is to be delivered to Kaiser-Hill by 
September 30, 1997. 

3.2 

Subsurface soils are dcLiied in RFCA as soils deeper than six inches 

S LI bs LIT 1 ;I c e So i Is 111 vest i m t ion 
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Tw6 additional samples. Saniples A and B, were taken adjacent to th 
in the windblown soil material prior to the placement of the asphalt 

TABLE 3-7 

SOIL DECONTAMINATION SAMPLING PROGRAM 
RFCA TIER I SUM OF RATIOS COMPARISION - RADIONUCLIDES P 

A Surface 
B I Surface 

P- 1 1 0.46 
P-2 1 0.61 
P-3 0.56 
P-4 0.66 
P-5 0.61 
P-6 0.6 1 

* Below top of asphalt. 

1,200 3 4 0  
11,900 5,360 

940 423 
1.400 63 1 
8,000 3,604 
4,500 2,045 

14,000 6,306 
17,000 7,658 

1,400 

1,100 
1,000 
4,200 
4,100 1: 5,000 

0.80 
6.71 
1.59 
2.74 
4.62 

10.23 
13 .OO 
15.83 

3.2.2 RF.I/RI Subsurface Soil Investigations 

The OIJ2 Phase I & [ I  RFI/RIs included the completion of a number of boreholes and soil profile 
pits which provide subsurface soil data. Tlie following sections provide the results of these 
subsurface investigat io tis. 

ill1 field program was completed in 1987 and a Draft Remedial 
Investigation Report l'or 903 Pad, Mound, and East Trenches Area (Rockwell International, 

to the EPA and CDII in  Decem 

1 d 
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: Soil samples were collected over two-foot intervals from 

% 5  

a total of 33 boreholes completed to evaluate the nature and extent of soil contamination. No 
surficial(0-6 in.) soil samples were collected in support of this investigation. The Phase I 
RFIRI field investigation lead to the general conclusions that VOC and radionuclide 
contamination exists in soil, surface wate 
but the distribution and magnitude of the contamination needed to be better delineated. The 
discussion on these boreholes has been combined with the OU2 Phase I1 RFURI discussion 
below. 

groundwater and sediments around several IHSSs, 6 

The objectives of tlic OU2 Phase 11 RFURZ Program (DOE, 1995) were to characterize the nature 
and extent of soil and groundwater contamination within the upper hydrostatigraphic unit 
(UHSU) and verify that contamiliation within the lower hydrostatigraphic unit (LHSU) is limited 
and the LHSU is an incomplete pathway to human receptors. 

The OU 2 Phase 11 RFI/Rl investigation involved collecting 
samples and installing groundwater ni 
Phase/II RFI/RIb , I r 7  ~~~~~~~~ , 

L z: PKA 
3.2.2.1 B o reho 1 e Pro grams 

d 

903 Pad- Seven source boreholes (Figure 3-15) 06691, 08691,08791,08S!$, 08991,09091, 
and 09191 were installed at the 903 Pad in support of the OU2 Pha 
from samples collected from these borings was compared to W C  
of ratios for radionuclide results indicate that all sample results w 
action levels. Tablc 3-8 provides the sum of ratio values for borehole samples collected in 
support of the OU2 Phase I1 RFURI. No VOC concentrations above the RFCA Tier J acti 
levels were detected. 

903 Lij~ Area - Fifteen source boreholes and t h e e  additional boreholes for installation on 
groundwater plume characterization wells (00 1 
07291,07391,09~91,09591, 13091,34591,347 
installed in the 903 Lip Area (DOE. 1995). Dat 
boreholes with the exception o€boreholes 00191,*34591, and 34791. Radi 

I/RI. Analytical data 
tion levels. The sum 
the RFCA Tier I 

‘\ 

I 

tb 
%-. i 

\k 

6791,06891,06991,07091,07191, 

able fiom WED 

es 09391 and 09591 were validated as rejected a 
e. The saniple results \\tic compared to RFCA 

fore eliminated from the .plZ.h.kb!h~-.p( *t i, 

er I action level and the sum of 
ratios for radioblides were cnlculatcd. No sample SUA of ratios for radionuclides exceed the 
Tier I action levels 1 

Reactive Metal De.sfructiuii (rirss 14Q) - Nine source boreholes (0749 1, 0759 1, 0769 1 , 099 1, 
09791, 12791, BI12687, Bt12787.13 887) were completed. Data from these boreholes were 
h l d a c i e c i  fionl :REED- col~1pa o the RFCA Tier I action levels for radionuclides. The 
comparison results indicated that no samples exceed the action levels for radionuclides. 
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903 Pad Source Area (Westenz Puriiori) (Noiz-IHSS Locations) - Seventeen boreholes (0029 1, 
00391,00491,00591,00691,00791,00991,01091,01191,01291,05991, 11791,12991,13591, 
20791, B315289, BH2987) were completed in the non-IHSS area east of the 903 Pad. These 
borehole locatioiis are primarily east and south of the 903 Pad on the south-facing slope of the 

However, radiologic 

FCA Tier 1 comparison 
15289 were available. Data fro 

lie action levels. 

g program was conducted- 
s of actinide distribution, fate and transport in soil for the OU2 Phase 

I1 RFURI. Ten soil samples were collected at predetermined intervals to a depth of 1 meter at all 
locations. Soil profile sampling has been previously discussed in the surface soil section above. 
In general, samples from only one location, Pit TR08, exceed RFCA Tier I action levels to a 
depth of 27 cm (10.68 in.). This pit is located in Plot 28, also identified as exceeding Tier I soil 
action levels based on the CDH sampling program. In addition, samples collected from Pit TR06 
exceed DOT shipping restrictions and wcre not analyzed. Pit TR06 is also located along the 
western edge Plot 28. 
Figure 3-12 provides the pit sample locatioiis exceeding the RFCA Tier I surface soil action 
levels. 

-32. 

bcL 

*- 
- - - - 1 1 1  - ,. 

3.2.3 OU 2 Subsurface Interim Measureshterim Remedial Action PladEnvironmental 
Assessment, Soil Vapor Survey 

A soil gas study (DOE, 1994) was conducted in May/.June 1993 to locate high VOC 
concentrations in the subsurface soil for the OU 2 soil vapor extraction project. The soil gas 
survey sampled areas where acrial photos taken prior to capping of the 903 Pad showed stained 
soils. 

The soil gas survey consisted of 7 1 samples collected at a depth of 5 feet 
primarily during the suiiiqier of 1993 and one location 

ethciic at  a dcptli of five 
locations and substquentl!T completed horeholes, tetrachloroethe 
detected at very loci concentrations. Soti gas concentr 
from 0 to 500 ug/l \vith the next highest concentrations 
Figure 3-16). 

ther not detected or 
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Groundwater samples results are available from the original groundwater monitoring wells 
beginning in 1975. The Site ground\vater monitoring program also monitored numerous wells 

3.3.1 Original Groundwater Monitoring Wells 

Four groundwater inonitoring wells were installed at each corner of the 903 Pad in 1968. The 
wells were installed above the water table at the site and reportedly seldom encountered 

235 and uranium-238 was available. Tlicse results represent a co 
material which was gener 

i, below Tier I1 action levels. 

g the abandonment of these 
. + i -aca-m&pLegla!?! 

p‘ 
’4 -. 

3.3.2 Ground\\ atcr Colltalnii1,i t l i i l i  

High concentrations of V 0 C - h  are present in groundwater samples collected from 
wells at the 903 Pad. Concentrations L I ~  to 10 times the pure phase solubility of these 
compounds and substantially above RFCA Tier I action levels for groundwater were detected. 

Superfund sites for determining the like1 ihood of DNAPL at a site. Based on the conditions 
The EPA (1992) provides guidance in Estimating Potential for Occurrence of DNAPL at 

historical site use and characterizatioii data, there is a high potential of DNAPL at the 903 Pad 
site. 

’/ A VOC-contaminatcd gioLind\vatcr p/ L cstcnds from the 903 Pad area to the east. The highest 
concentrations are foiiiid 111 groundwxci baniples collected from wells 06691 and 08891 located 
on the asphalt portion of the 903 Pad ig~iie 3-15). Table 3-9 provides analytical results of 
groundwater saniples collected froin lis in the 903 Pad area. Concentrations of contaminants 

(! in groundwater drop rapidly moving e,i<tivard from the 903 Pad area. The primary groundwater 
contaminant in well 06691 is carbon tciixiiloride and has ranged from 51 to 100,000 ppb. Also 
present are methylene chloride (1 30 to 7 5 .000 ppb) and chloroform (92 to 49,000 ppb). 
Groundwater samplc results for \\ell OS $9 1 indicate the primary contaminant as tetrachloroethene 
at concentrations ranging from 470 to 2‘ 000 ppb, along with carbon tetrachloride (290 to 17,000 

% 

’3 
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ppb), cis-l,2,dichIoroetliene (94 to 2,900 ppb) and trichloroethene (210 to 4,600 ppb). The next 
highest concentration of carbon tetrac1; io1 idc in groundwater is found in samples collected from 
well 13 191, which is located west of thc \vel1 06691 and off the western edge of the 903 Pad. At 
this location, observed carbon tetrachloi d e  levels ranged from 122 to 4,800 ppb. 

Radionuclide contamination in ground\vater was investigated from 1991 to 1995 in groundwater 
monitoring wells identified as containing VOC contamination discussed above. Groundwater 
analytical data indicates that one well, 0909 1 lddated on the 903 Pad, contains americium and 
plutonium activity in excess of Tier I action level 
groundwater samples with maximum activities of 46.54 pCi/L of plutonium-239/240 and 354.6 
pCi/L of americium-341. No ground14 liter samples collected over this period dete 
uranium-isotope in excess of its respecti vc background activity. Table 3-10 provid 
data for radionuclidcs in groundwater saiiples with detections above Tier I1 action 1 

3.4 Previous Remedial Actions 

3.4.1 Surfhce Soils 

Surface soil remedial actions have taltcu place at the site beginning in 1968 with the 
(removal) of contaminated soils from outride the 903 Drum Storage Area. Surface s 
actions have also taken place in 1976. ! 978, 1984, and 1995. The following sections provide 
summaries on previous reinoval action. \\ (thin the study area. 

r groundwater. This well has produce 

-4 

3.4.1.1 Dow Cliemical Conipai2;J Internal Correspondence 

Frieberg (1970) provides a chronology of the initial remedial actions taken at the 903 Drum 
Storage Area. The correspondence, 1m\\ided in Appendix C, states the following information: 

July 1968 

October 1968 

November I968 

January I969 
February 1969 
April 1969 

May 1969 

A survey M?W coiidiccled of the plutonium contamination on the surface of 
the mil in the 903 I r  ea. The results of the survey and the Health Physics’ 
i.eLoiiziizenM’Liiioii foi i l ie containment of the contamination were sent to 
Dii-i 5 ion S c i ~  ice \, \ lciiziijacturing and Facilities. 
Weeds and i~gelcriioii were burned offthe 903 drum storage area in 
prcpcmtiori of cipph i i i g  an asphalt cap. 
GI ailing of \ligii/lj coiiiaminated soils outside the hot fence was conducted 
iii Ihis w)i.li c o ~ i \ i s ~ c ~ I  of moving the slightly contaminated soils outside 
/he fence 11110 the fe i i~cd  area in preparation of the cap. 
/’lie hot jence I IUJ  pnckaged and shipped as waste. 
Three more ~i*usie ui i ies  were packaged and shippedfiom the 903 Area. 
Two highly contuniriitrtcd fork lifts were placed into wooden crates and 

33 d r u m  of coii/miii wlcd rocks were removedfrom the 903Area and 
discarded us hoi w s i c  Building 904 was decontaminated and removed to 

5 hipped US hot li (i \ / e  



Rocky Mountain Remediation Services RFnUvlFtS-07-x~~ 
903 Pad, Lip Area, and Non-IHSS Area Revision: x 
Data Summary 0713 1/97 
“DRAFT- RMRS Internal Review 11” Page: 19 of  25 

a location east of the Fire Barn. The road grader used to move 
contaminated soils wns decontaminated and released to surplus. 
Building 903 was moved to a location immediately east of Building 666. 
The base course material overlay, the soil sterilant, and the asphalt primer 
cat were completed for  the 903 containment barrier (cap). 
The asphalt cap was applied. 
The four groundwater monitoring wells were installed. 
Operations were inilialed to apply additional fill over the surrounding area 
directly east of the 903 Pad due to soil contamination. 
AdditionalJill opercitions were completed, 
As of April 3, no wcttcr ~ i a s  detected in any of the wells installed. 

July I969 
September 1969 

October 1969 
November I969 
February I970 

March 1970 
April I970 

This correspondence confirms that containinated soils outside the 903 Drum Storage Area fence 
were graded into the fenced area prior to tlie application of the asphalt of the 903 Pad. In 
addition, the correspondence states that the contaminated area east of the 903 Pad, was covered 
with a base coarse material. 

3.4.1.2 1975 Remediation Effort at the 903 Lip Area 

Contaminated soil, identified in the past through radiological monitoring, has been excavated 
from the 903 Lip Area. In 1973, an aerial radiological survey detected radiological 
concentrations in the 903 Lip Area that were greater than 2,000 counts per minute (cpm). On 
May 13 and 14, 1975 personnel excavated two trenches in the 903 Lip Area as a pilot scale test 
for soil removal techniques. The locations of these trenches and depths of the excavations was 
not described by Barker (1 982). Eight 55-gallon drums of soil were removed from the 903 Lip 
Area. Ambient air monitoring during excavation did not detect plutonium in concentrations that 
would endanger onsite workers, the public, or the environment. Based on the results of this 
removal effort, a plan for removing tlie plutonium contamination from the 903 Lip Area was 
developed and work commenced the summer of 1976. 

3.4.1.3 Removal of Plutonium-Contaminated Soil from the 903 Lip Area During 1976 
and 1978 (Barker, 1982) 

In 1976, approximately 113.3 cubic meters (4,000 cubic feet) of soil were removed from within 
the 903 Lip Area. The removal operation was conducted within a 8 foot by 16 foot floorless 
metal building equipped with a high efficiency particulate air (HEPA) filter. Contaminated soil 
was hand excavated from one small area at a time and placed in plastic bags. The bags were 
placed in full crates for off site shipnicnt aiict disposal. The excavated area was surveyed with a 
Field Instrument for the Detection of Low Ei~crgy  Radiation (FIDLER). The process was 
repeated until contamination levels were belo\v the “detection limit” of the FIDLER (-250 cpm 
in the Lip Area). The excavated area was covcred with clean topsoil and re-seeded with native 
grasses. 
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Soil removal activities were conducted again in 1978 when an estimated 4,000 square meters 
(43,000 square feet) of soil that exceeded 2,000 cpm were removed to a depth of approximately 
3.5 cm (1.4 in.). This effort utilized heavy equipment including a front end loader, grader and 
bulldozer. Hand digging was only conducted in areas that were inaccessible to heavy equipment. 
Prior to excavating soils the area was premoistened by a sprinkler system for three days. A 
moisture content of 15% was required prior to excavation activities to prevent dust generation. 
The report states that all soils in excess of 2,000 cpm, as determined by the FIDLER, were 
removed. Excavated areas were resurveyed and soil was removed until background (-250 cpm 
as determined by the FIDLER) was reached. All waste was packaged and shipped to the Nevada 
Test Site. The excavated area was bacltfilled and revegetated. Figure 3-17 provides the locations 
of areas where soil removal activities have completed under these remedial efforts. 

3.4.1.4 1984 East Gate Soil Removal Proiect 

Anomalous results were being recorded in air monitors, S7, S8, and S9, positioned along the 
fence. A dust suppressant was placed on the ground to determine if the anomalies were a result 
of the resuspension of soil. The air monitor results dropped after the placement of the 
suppressant, and a removal action was implemented. In 1984, soil cleanup was performed along 
the eastern edge of the 903 Lip Area parallel to the fence (Setlock, 1984). Soils were removed 8 
to 10 feet on either side of the fence line from tlie previous inner east gate to 30 or 40 feet south 
of air sampler S-9, the southernmost air sampler, Soil was removed to a depth of one to two feet 
and the excavation was backfilled with clean topsoil. A total of 214 tri-wall pallets of 
contaminated soil was removed from tlie area. 

3.4.1.5 Accelerated Response Action Corngletion Report, Hot Spot Removal, OU1 

While not directly related to the 903 Pad contarnination source, an accelerated action for the 
removal of radionuclide-contaminated soiis (hot spots) was conducted at six specific locations 
within OU1 (DOE, 1995). The hot spots were localized shallow contaminated soils that 
contained substaiitial activities of either plLttoniun.l/americium or uranium, as well as traces of 
organic compounds related to drum storage in IHSS 1 19.1. The Accelerated Response Action 
included excavating, containerizing, storing and disposing of the contaminated soils from the hot 
spots. Twenty-one 55-gallon drums of radioiiuciide-contaminated soils were removed under this 
action. The soils were transported and disposed at the facility in Utah. Figure 3-18 provides the 
locations of soil samples which idcntificd hot spots in OU1. 
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3.4.1.6 Subsurface Soils 

Ryan’s Pit (IHSS 109) - Ryan’s Pit was used from approximately 1966 to 1970 for the disposal 
of VOCs and small quantities of debris (e.g. drum carcasses). The contamination is not 
associated with the contamination source at the 903 Pad. The pit measures approximately 32 feet 
long and 18 feet wide. Results of previous environmental investigations have identified the pit 
as a significant contributor to the degradation of groundwater in the area. 

In July of 1995 a source removal action was initiated at Ryan’s Pit which included the excavation 
and treatment of VOC contaminated utilizing a low temperature thermal desorption process. 
Figure 3-19 provides the location of Ryan’s Pit in relation to the 903 Pad. Approximately 180 
cubic yards of contaminated soils and debris were excavated and placed in nine roll-off 
containers (RMRS, 1996). An additional roll-off container was filled with topsoil scraped off the 
surface prior to the start of excavation activities. These soils were treated using a low 
temperature thermal desorption unit. The removal action was conducted prior the 
implementation of RFCA, however, the treated soils were below RFCA Tier IT action levels for 
radionuclides and below programmatic risk-based preliminary remediation goals (PPRGs) which 
were based on the construction worker. subsurface soil scenario. 

4.0 SOIL REMEDIATION VOLUME ESTIMATE 

Surface soil containination levels, based on historical data, were compared against RFCA Tier I 
soil action levels for the Buffer Zone (hypothetical resident) to establish an estimate on the areal 
extent of contaminated soils requiring remediation. This scenario assumes an annual radiation 
dose of 85 millirem (mrem). Table 3-1 provides the Tier I action levels for the Buffer Zone 
hypothetical resident scenario. Figure 3-9 and 3- 10 identify those areas that exceed the Tier I 
action levels. 

4.1 903 Pad Drum Storage Site 

The 903 Pad Drum Storage Site will be remediated to prevent potential fbture surface erosion 
and transport of contaminated soils from beneath the pad. The volume of contaminated soil 
beneath the 903 Pad, as well as the volume of’the asphalt pad itself, were examined. During 
initial remedial actions at the 903 Pad D r ~ n i  Storage Site, approximately 20 cm of clean fill and 
a layer of asphalt were placed over contaminated soils. Although the 20 cm of fill may not be 
entirely Contaminated, the entire volume is suspect and will require screening if excavated. In 
addition, data collected beneath the 903 Pad indicate radionuclide contamination above 250 dpm 
to 66 cm. Assuming an excavation depth of 66 cm (26 in), the volume of radionuclide 
contaminated soil material to be reniediated from beneath the 903 Pad (asphalt) is estimated at 
11,880 cubic yards. This estimate is base oii excavating soil materials beneath the cap (3.4 acres) 
to a depth of 66 cm (26 in). 
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The volume of VOC contaminated soil beneath the 903 Pad is estimated at 13,300 cubic yards. 
This volume is based on data collected from groundwater monitoring wells which estimated an 
area of 235 feet long, 85 feet wide, and 20 feet deep requiring treatment. The volume calculation 
excludes the top 2 feet of material included as radionuclide-contaminated waste. 

Assuming a total asphalt thickness of 3 inches and a surface area of 3.4 acres, 1,370 cubic yards 
of asphalt pad will require disposal. The total estimated volume of soil and asphalt material 
requiring remediation within the 903 Pad area is 26,550 yd3. 

4.2 903 Lip Area 

Within IHSS 155, approximately 4.4 acres require remediation to achieve the action levels based 
upon the Tier I action levels for the Buffer Zone (hypothetical resident). CDH sampling results 
for Plot 28 (2.5 acres) exceeded Tier I action levels. Seventy-five percent (1.9 acres) of Plot 29 
lies within the 903 Lip Area. Plot 29 was identified as exceeding Tier I action levels for 
radionuclides from FGP sampling method results. Further field screening would be required to 
M e r  refine the volume of soils requiring remediation. For the purposes of this summary it was 
assumed that the entire plot exceeded the Tier I action level and requires remedial action. 

During initial remedial actions at the 903 Lip Area, an undetermined amount of imported base 
coarse material was placed over contaminated surface soils. In an effort to determine the depth 
of the fill material, soil profile description forms from soil profile pits TR06, TR07, and TR08 
were examined. These pits were excavated in the 903 Lip Area. The log of TR06 indicated that 
the A soil horizon, 0-2 crn (0.8 in) was deposited as part of the remedial activities in 1969. The 
C horizon is described as a loose sandy loam and is interpreted to be natural soils. The log 
describing TR07 soils states that the topsoil was removed and backfilled with a sandy material. 
The log describes the A soil horizon, 0-2 cni (0-0.8 in), and C soil horizon, 2-13 cm (0.8-5.1 in.) 
as loose sand. This sand is interpreted to represent fill which is present to a depth of 5 inches at 
this location. Logs from TR08 describe thc hrst 16 cin (6.3 in) as a loose sand, typical of the fill 
material. Soil profile sampling locations are provided on Figure 3-12. 

The CDH and RFP soil sampling methods collect samples 0.64 inches and 2 inches in depth, 
respectively. Surficial soil samples previously collected within the 903 Lip Area were composed 
of the import material used to cover the contaminated soil surface, leaving the contaminated 
surface uncharacterized. Imported fill materials at TR08 have been contaminated by 
radionuclides based on the fact the top 27 cin ( I  1 in) of soil, which includes the fill material, 
exceed Tier I action levels at this location 1 he import material may have been contaminated by 
winds blowing contaminated soils back tou ard the pad from adjacent Plot 34. Plot 34 was 
identified as exceeding Tier I action le\ clr biiscd on the OU2 CDH sampling program. 

The results of the soil investigations indicate that outside the 903 Pad Drum Storage Site, over 90 
percent of the plutonium-239/240 and americium-241 contamination is confined to the upper 15 
cm (6 in) of soils. Soil sample results at soil profile pit TR08, located in the 903 Lip Area, 

r- 



Rocky Mountain Remediation Services RFfRMRs-07-xxx 
903 Pad, Lip Area, and Non-IHSS Area Revision: x 
Data Summary 0713 1/97 
“DRAFT- RMRS Internal Review 11” . Page: 23 of 25 

Non-IHSS Locations 
Grand Total 

indicate the depth of contamination above Tier I action levels from the ground surface to 27 cm 
(1 1 in). Numerous large cobbles and small boulders are present in the Rocky Flats Alluvium and 
excavation of surface soils is expected to be difficult. Therefore, a 12 in (I ft) excavation depth 
was assumed as the extent to which soils will be remediated. Using this excavation depth, an 
estimated total volume of 7,100 cubic yards of contaminated surface soils would require 
remediation for the 4.4 acres exceeding the action level. 

8.1 0 13,068 13,068 
15.9 13,300 33,418 46,718 

4.3 Non-IHSS Locations 

A total of 8.1 acres have been preliniiiiarily identified outside the 903 Pad and 903 Lip Area 
requiring remediation. CDH sampling results for Plot 34 exceed Tier I action levels. RFP 
sampling method results identified Plots 46 and 36 as exceeding Tier I action levels. Twenty- 
five percent (0.63 acres) of Plot 29 lies within tlie 903 Pad Source Area-Non IHSS Location. As 
discussed above, the fact that the Rocky Flats sampling methodology only addressed a 3 square 
meter plot within the 2.5-acre plots. Therefore, further field screening would be required to refine 
the volume of soil requiring remediation. For tlie purposes of this document it was assumed that 
the entire plot exceeded the Tier I action level and requires remedial action. Assuming a 12 in 
depth for the excavation a total of 13,068 cubic yards of material will be excavated from the area. 

The total estimated volume of contaminated surface soil requiring remediation is 46,7 18 cubic 
yards. This volume estimate was rounded u p  to 47,000 cubic yards for use in the evaluation of 
remediation process options and alteriiati\res. Table 4- 1 presents the location and volumes of 
soils requiring remediation. 

TABLE 4-1 

VOLUME OF IiVSITU SOILIASPHALT 

EXCEEDING RFCA TIER 1 ACTION LEVELS 

903 Pad (Soils) 3.4 13,300 1 1,880 25,180 
903 Lip Area 4.4 0 7,100 7,100 
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FIGURE 3 - 3  Gamma-Ray Survey o f  Asphalt  Surface o f  903 Area Pad. The numbers 
represent only the r e l a t i v e  gamma-ray readings  a t  the pad surface. 
i n tege r  increment on the f i g u r e  represents  a change i n  counting r a te  o f  
1 to 2 percent. 
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TABLE 3-2 
SURFACE SOILS OU2 PHASE I1 RFIRU 

CDH SAMPLING METHOD 
RFCA TIER I SUM OF RATIO COMPARISON- RADIONUCLIDES 

0.0913 
0.0692 

0.2298 
0.1217 
0.0710 
0.1840 

NS 

NS 
NS 
NS 
0.61 83 
0.0643 
0.0870 
0.1100 

2.2550 
6.0650 

NS 

NS 
NS 
12.5100 
35.3280 
19.3220 
1.8550 
0.2567 
0.1220 
0.271 0 
1.3550 
9.3690 

270.4000 
89.5100 
27.6600 
3.4140 
5.5560 

15.8200 
164.1 000 
66.3000 
14.7360 
3.8560 
0.6400 
0.2830 
0.1500 

0.4728 
0.4682 

1.3100 
0.7238 
0.2900 
0.9090 

NS 

NS 
NS 
NS 

3.8830 
0.451 7 
0.3970 
0.1870 

NS 
1 1.6400 
46.7170 

NS  
81.6500 

11 8.8550 
64.9660 
15.1600 
1.7180 
1.2370 
1.2590 
5.7320 

52.3900 
1453.0000 
507.6000 
167.1000 
23.3900 
22.9710 

138.8330 
961 5000 
296.6000 
95.8330 
27.2680 
3.7880 
1.391 0 
0.7910 

NS 1 

1.02401 0.0128) 
1.3700 

1.3380 
1.1380 
1.2000 
1.0500 

NS 

NS 
NS 
NS 
1.0980 
0.8288 
1.1000 
0.8100 

1.41 40 
2.0900 

NS 

NS 
NS 
1.2230 
2.9900 
1.71 00 
1.4750 
1.0140 
1.3000 
1.3000 
1.2600 
2.0600 
2.4660 
1.3380 
1.1270 
1.1030 
2.1700 
1.8000 
0.9941 
1.4420 
2.2600 
1.6400 
1.2000 
1.3000 
1.3000 

0.0663 

0.0640 
0.0263 
0.0750 
0.0500 

NS 

NS 
NS 
NS 

0.0322 
0.0356 
0.0920 
0.0200 

0.0520 
0.0900 

NS 

NS 
NS 

0.0802 
0.2800 
0.1300 
0.0518 
0.0524 
0.2000 
0.0260 
0.0400 
0.0800 
0.1794 
0.0988 
0.0432 
0.0713 
0.1100 
0.2300 
0.0728 
0.0695 
0.1600 
0.0500 
0.0990 
0.0270 
0.0310 

1.0520 
1.3780 

1.1650 
0.9698 
1.4000 
4.9600 

NS 

NS 
NS 
NS 

1.2300 
0.9932 
1.2000 
1.0900 

1.4120 
7.7400 

NS 

NS 
NS 

1.6220 
3.3000 
2.1400 
1.3340 
1.0050 
1.5000 
1.6000 
1.5200 
3.9300 
7.2550 
1.9830 
1.5870 
1.2050 
2.4600 
1.9400 
2.2320 
1.831 0 
1.5500 
1.8800 
1.2000 
1.3000 
1.5000 
1.20001 

0.00321 
0.0043 

0.0052 
0.0036 
0.0042 
0.0109 

0.0086 
0.0031 
0.0040 
0.0031 

0.0222 
0.0760 

0.1194 
0.2569 
0.1409 
0.0227 
0.0051 
0.0062 
0.0058 
0.01 39 
0.0887 
2.2896 
0.7764 
0.2493 
0.0355 
0.0482 
0.1768 
1.441 1 
0.5204 
0.1407 
0.0415 
0.0091 
0.0055 
0.0048 
0.0047 0.1430 0.7480) 1.40001 0.09101 I 

‘1 ai 



PT043 
PT044 
PT045 
PT046 
PT047 
PT048 
PT049 
PT050 
PT051 
PT052 
PT053 
PT054 
PT055 
PT056 
PT057 
PT058 
PT059 
PT060 
PT06 1 
PT062 
PT063 
PT064 
PT065 
PT066 
PT067 
Pi068 
PT069 
PT070 
PT071 
PT072 
PT073 
PT074 
PT075 
PT076 
PT077 
PT078 
PT079 
PT080 
PT081 
PT082 
PT083 
PT084 
PT085 
PT086 
PT087 
PT088 
PT089 
PT090 

0.0043 
0.0041 
0.0502 
0.2348 
0.4616 
0.2347 
0.1353 
0.1584 
0.0053 
0.0049 
0.0168 
0.0809 
0.2206 
0.1182 
0.0439 
0.0131 
0.01 35 
0.0055 
0.0038 
0.0408 
0.1470 
0.0044 
0.0047 
0.0265 
0.0547 
0.1406 
0.0433 
0.0146 
0.0094 
0.0046 
0.0503 
0.0263 
0.0219 
0.0050 
0.0069 
0.0169 
0.0365 
0.0491 
0.0215 
0.0054 
0.0095 
0.0057 
0.0062 
0.0087 
0.01 57 
0.0198 
0.0328 
0.0075 
0.0048 

0.20401 0.33601 

* 

0.1320 
5.8400 

26.3400 
54.1800 
25.5500 
9.4980 
4.681 0 
0.1920 
0.1840 
1.4220 
6.8350 

20.9160 
11.9980 
5.0640 
1.1130 
0.8770 
0.2200 
0.0970 
4.61 30 

15.3990 
0.0690 
0.2660 
3.7030 
5.9550 

13.5320 
3.21 20 
0.9730 
0.5010 
0.0870 
5.9390 
2.1690 
2.2490 
0.1856 
0.4890 
1.2020 
2.91 30 
5.2960 
2.0910 

Rejected 
0.641 8 
0.2640 
0.4346 
0.6212 
1.7030 
1.7730 
3.5380 
0.3853 
0.1 594 

0.5090 
21.9250 

154.3000 
294.2000 
160.5000 

123.8 
191.1 

0.3860 
0.7470 
7.3370 

61.3710 
169.5270 
82.8590 
19.1770 
7.1870 
5.01 50 
1.6570 
0.4120 

19.8560 
98.3490 
0.5200 
0.6390 
7.5080 

29.2570 
101.6460 
24.8740 
7.8710 
3.2200 
0.5870 

26.1000 
13.9700 
10.4930 
1.1650 
2.5380 
8.9720 

26.1 100 
24.51 50 
1 1.7970 
3.4420 
5.5550 
1.521 0 
2.1220 
4.1960 
7.1 500 

12.4300 
18.5100 
2.3660 
1.1010 

1.4000 
1.1000 
3.4400 
1.2530 
1.1020 
1.061 0 
1.1750 
0.8448 
1.2000 
1.3000 
2.8000 
2.2400 
1.4900 
1.1000 
2.3000 
1.1790 
1.6000 
1.3000 
1.3000 
1.8600 
2.4100 
1.3000 
1 .oooo 
1.2000 
2.0500 
2.5600 
3.4000 
0.9900 
2.0000 
1.5000 
1.5000 
2.2000 
1.5000 
1.261 0 
1.1760 
3.5810 
1.2790 
2.2000 
1.4000 
1.0370 
1.1030 
1.2940 
1.0370 
1.1430 
0.9243 
1.2410 
1.4000 
1.3370 
1.2540 

0.0300 
0.0590 
0.1900 
0.0656 
0.0592 
0.1059 
0.1028 
0.0332 
0.1600 
0.0970 
0.0770 
0.1700 
0.0700 
0.1000 
0.3600 
0.0472 
0.3800 
0.0540 
0.0310 
0.0700 
0.1300 
0.1200 
0.0760 
0.0980 
0.1100 
0.0900 
0.6800 
0.0340 
0.0990 
0.1600 
0.0410 
0.2200 
0.1100 
0.0909 
0.0302 
0.1504 
0.0972 
0.4300 
0.0660 
0.0663 
0.01 56 
0.0341 
0.0376 
0.0389 
0.0313 
0.0398 
0.0266 
0.0765 
0.0627 

1.2000 
1.2000 
2.5400 
1.8450 
1.5240 
1.2890 
1.7740 
1.2420 
1.3000 
1.2000 
1.7000 
2.1400 
1.9200 
1.8000 
1.7000 
1.1190 
1.3000 
1.3000 
1.2000 
2.2600 
2.4700 
1.2000 
1.1000 
1.5000 
2.6400 
2.5800 
2.3000 
2.2000 
1.7000 
0.9900 
1.9000 
2.1000 
1.4000 
1.1170 
1.1320 
1.0830 
1.8870 
1.7000 
1.3000 
1.1130 
1.1160 
1.4210 
1.0370 
1.1410 
1.2060 
1.1080 
1.3830 
1.6110 
1.2090 



PT092 
PT093 
PT094 
PT095 
PT096 
PT097 
PT098 
PT099 
P T I  00 
PTIOI  
P T I  02 
P T I  03 
P T I  04 
P T I  05 
PT106 
P T I  07 
P T l  08 
PT109 
PT l lO  
PT111 
P T I  12 
PT113 
PT114 
PT115 
P T I  16 
PT117 
PT118 
PT119 
P T I  20 
PT121 
PT122 
P T I  23 
PT124 

0.5346 
0.8739 
3.3610 
1.3240 
0.4944 
0.2409 
0.0232 
0.01 52 
0.61 33 
0.5262 
0.5983 
0.0714 
2.5260 
0.5423 
2.3790 
1.0720 
0.3588 
0.21 53 
0.9958 
0.0053 
0.1936 
0.5409 
1.301 0 
0.1312 
0.0435 
0.0285 
0.0926 
0.4747 
0.381 1 
0.8226 
0.2625 
0.2151 
0.0474 

2.8320 
6.6090 

17.1800 
8.4290 
3.1210 
1.5810 
0.1822 
0.0751 
5.8870 
2.1980 
3.1 130 
0.4467 
2.2410 
2.2990 

11.5000 
6.6670 
1.7450 
1.3690 
7.2810 
0.0484 
1.2450 
3.4850 
8.9330 
0.8546 
0.1194 
0.0833 
0.5577 
2.3580 

12.8400 
4.4370 
2.2290 
1.0540 
0.1821 

1.3300 
1.0440 
1.1470 
1.2380 
1.3010 
1.4170 
1.1010 
0.8166 

Rejected 
0.9717 
1.0830 
1.0750 
1.3990 
0.9937 
1.2230 
0.8586 
1.2080 
1.0800 
1 .oooo 
1.0340 
0.8736 
1.1330 
1.2540 
1.0570 
0.9250 
1.081 0 
0.9724 
1.1940 
0.8758 
1.2460 
1.0830 
0.9344 
0.7295 

0.021 8 
0.0318 
0.0666 
0.0324 
0.0790 
0.0384 
0.0160 
0.0064 

Rejected 

0.0229 
0.0196 
0.0123 
0.0099 
0.0560 
0.0356 
0.0408 
0.0457 
0.0247 
0.0458 
0.0177 
0.0206 
0.0449 
0.0384 
0.0190 
0.0713 
0.0569 
0.0538 
0.0286 

-0.0037 
0.1244 
0.0200 
0.0789 

0.0287 

1.21 00 
1.0090 
1.1370 
1.3010 
1.3700 
I .2770 
0.9214 
1.0490 

Rejected 
0.9831 
1.0200 
0.9922 
1.3080 
1.0530 
1.2230 
0.9161 
1.4610 
1.1430 
0.8337 
1.0730 
0.8905 
1.0650 
1 .I200 
1.1970 
1.0930 
1.01 90 
0.9224 
0.9829 
1.1780 
1.0120 
1.1420 
1.3690 
0.9092 

0.0075 
0.01 12 
0.0307 
0.01 52 
0.0082 
0.0055 
0.0026 
0.0024 
0.0070 
0.0064 
0.0075 
0.0031 
0.0164 
0.0066 
0.0223 
0.0120 
0.0064 
0.0049 
0.01 19 
0.0028 
0.0039 
0.0076 
0.01 53 
0.0041 
0.0028 
0.0031 
0.0034 
0.0066 
0.0135 
0.0093 
0.0063 
0.0048 

I I , 0.00291 
NS Not Sampled. 
Rejected Data validated as rejected. 



TABLE 3-3 

OU2 PWASE I1 R F W  

SURFACE SOILS - RFP SAMPLING METHOD 
RFCA TIER I SUM OF RATIO COMPARISON- RADIONUCLIDES 

PTOO 1 
PT002 
PT003 
PT004 
PT005 
PT006 
PT007 
PT008 
PT009 
PTOI 0 
PTOl l  
PT012 
PTOI 3 
PTO 14 
PT015 
PTO 16 
PT017 
PT018 
PT019 
PT020 
PT021 
PT022 
PT023 
PT024 
PT025 
PT026 
PT027 
PT028 
PT028 
PT029 
PT030 
PT031 
PT032 
PT033 
PT034 
PT035 
PT036 
PT037 
PT038 
PT039 
PT040 
PT041 

0.0390 
N S  

0.5345 
0.1394 
0.0740 

N S  
N S  
N S  

0.7393 
0.6870 
0.0580 
0.1183 

ND 
N S  

Rejected 
2.0690 

N S  
N S  

22.0000 
3.4000 

10.5300 
3.8340 
0.1460 
0.1545 
0.2454 

ND 
ND 

Rejected 
1 10.0000 
160.0000 
38.0000 
0.6419 

10.5500 
ND 

Rejected 
26.0000 
34.0000 

3.9680 
0.0870 
0.1035 
0.0466 

ND 
0.0730 

N S  
2.241 0 
0.3491 
0.2430 

N S  
NS 
N S  

5.471 0 
3.8310 
0.2700 

Rejected 
ND 
NS 

18.9400 
21.1600 

N S  
N S  

120.0000 
23.0000 
59.6300 
36.7800 
1.7760 
0.8933 
1.4160 

ND 
ND 

380.0000 
Rejected 
950.0000 
280.0000 

4.7660 
44.7150 

ND 
Rejected 
380.0000 

5700.0000 
17.6200 
0.61 00 
0.6869 
0.3520 

0.0002 

0.0041 
0.0009 
0.0005 

0.0073 
0.0059 
0.0005 
0.0006 

0.01 33 
0.0244 

0.1863 
0.031 9 
0.0907 
0.0436 
0.0019 
0.0013 
0.0021 

0.2659 
0.51 16 
1.4090 
0.3727 
0.0063 
0.0804 

0.3869 
4.1469 
0.0308 
0.0008 
0.0010 
0.0005 

0.06701 0.5780 I 0.0007 I 



PT042 
PT043 
PT044 
PT045 
PT046 
PT047 
PT048 
PT049 
PT050 
PT051 
PT052 
PT053 
PT054 
PT055 
PT056 
PT057 
PT058 
PT059 
PT060 
PT06 1 
PT062 
PT063 
PT064 
PT065 
PT066 
PT067 
PT068 
PT069 
PT070 
PT071 
PT072 
PT073 
PT074 
PT075 
PT076 
PT077 
PT078 
PT079 
PT080 
PT081 
PT082 
PT083 
PT084 
PT085 
PT086 
PT087 
PT088 
PT089 
PT090 

ND 
ND 

Rejected 
Rejected 

ND 
ND 

Rejected 
0 0815 
0 1297 
12980 
4 1540 

Rejected 
Rejected 
Rejected 

0 6135 
0 4869 
0 2760 
0 0733 

Rej ected 
N S  

0 0738 
0 2702 
0 1949 

54 0000 
Rejected 

4 3000 
0 9680 
0 4092 
0 1400 
2 0690 

Rejected 
2 1540 
0 1647 
0 3599 
0 8293 
5 2880 
3 7100 
1 6610 
0 8440 
0 4740 
0 1750 

0 8396 
0 9303 
2 0730 
3 1350 

N D  

o 3089 

NO 
ND 

260.0000 
7300.0000 

ND 
ND 

29.0000 
0.21 10 
0.5325 
5.9450 

19.9900 
120.0000 
200.0000 

6.4000 
4.4350 
4.3920 
0.9890 
0.4237 
2.7000 

NS 
0.1960 

Rejected 
1.3850 

57.0000 
47.7800 
23.0000 
12.1780 
2.4610 
0.4520 

11.5800 
31 .OOOO 
10.8400 
1.3990 
1.6370 
5.4980 

29.1750 
22.9600 
8.7360 
5.9960 
3.4840 
1.4270 
1.5790 
3.3510 
8.7430 

10.2950 
20.3440 

ND 

0.1819 
5.1085 

0.0203 
0.0005 
0.0010 
0.0102 
0.0333 
0.0840 
0.1400 
0.0045 
0.0060 
0.0053 
0.0020 
0.0006 
0.001 9 

0.0005 
0.001 3 
0.0019 
0.291 1 
0.0334 
0.0361 
0.0130 
0.0036 
0.001 0 
0.01 77 
0.0217 
0.0176 
0.0017 
0.0028 
0.0077 
0.0450 
0.0333 
0.01 38 
0.0081 
0.0046 
0.001 8 
0.0025 
0.0065 
0.0104 
0.0168 
0.0288 

0.0029 0.31661 2.08101 I 



LOCATION 
. *  x 

PT091 
PT092 
PT093 
PT094 
PT095 
PT096 
PT097 
PT098 
PT099 
PTIOO 
P T I  01 
P T I  02 
PT103 
P T I  04 
PT105 
P T I  06 
PT107 
P T I  08 
P T I  09 
PT l lO  
PT111 
P T I  12 
PT113 
P T I  14 
PT115 
P T I  16 
PT117 
PT118 
P T l  19 
PT120 
PT121 
P T I  22 
PT123 
PT124 

0.0542 
0.3051 
1.2710 
2.9240 
0.8649 
0.3733 

Rejected 
0.0440 
0.0850 
1.5700 
0.5694 
3.1030 
0.1 100 
0.471 7 
0.2401 
2.3260 
0.5259 
0.3790 
0.2255 
0.3090 
0.01 10 
0.4920 
1.4570 
0.7478 
0.0862 
0.0450 
0.0391 

Rejected 
0.3004 
0.9913 
0.5877 
0.3948 
0.1201 

~~ 

0.26641 ~ 0.00041 
2.1210 
6.8990 

13.8120 
5.0620 
8.4480 
2.5070 
0.1980 
0.0960 
0.7760 
2.3150 

50.3000 
0.2310 
2.9390 
1.821 0 

11.7010 
3.1380 
2.7090 
1.4550 
1.5020 
0.0440 
1 .5420 
5.7970 
4.4720 
0.61 00 
0.2740 
0.2504 
0.6567 
1.7080 
7.1980 
2.61 30 
2.2620 
0.9148 

0.0029 
0.01 07 
0.0233 
0.0076 
0.0076 
0.001 8 
0.0003 
0.0005 
0.0078 
0.0043 
0.0496 
0.0007 
0.0043 
0.0024 
0.0190 
0.0046 
0.0037 
0.0021 
0.0025 
0.0001 
0.0034 
0.0108 
0.0066 
0.0008 
0.0004 
0.0004 
0.0005 
0.0026 
0.0096 
0.0046 
0.0034 
0.0012 

0.03291 0.28201 0.00041 
\lot Sampled 

ND Not Data 



TABLE 3-6 

SURFACE SOILS 
OUl PHASE I11 RFI/RI 

RFCA TIER I SUM OF RATIO COMPARISON- RAJlIONUCLIDES 

RAOlO 
RAOl1 
RAOl1 
RAO 1 2 
RAOl3 
RA014 
RAOl5 
RAOl5 
RA016 
RAO 1 7 
RA018 
RAOl9 
RA020 
RA02 1 
RA022 
RA023 
RA024 
RA025 
RA026 
RA027 
RA028 
RA029 
RA030 
RA03 1 
RA031 
RA032 
RA032 
RA033 
RA033 
RA034 
RA035 
RA036 
RA037 
RA037 

lejected 

Rejected 
Rejected 

0.0129 
0.1240 
0.0390 

Rejected 
Rejected 

0.1440 
Rejected 

0.4900 
0.2627 
0.1917 

Rejected 
0.2849 
1.1480 
1.6720 
1.9440 
0.1200 
0.6640 
0.01 37 
0.4420 
0.2470 
0.5370 
0.7160 
0.1280 
0.0950 
0.0970 
0.0770 
0.7140 
0.1540 
0.0230 
0.0300 
0.0490 

1.0630 
1.1750 
0.0677 
0.6600 
0.1 050 
0.2249 
1.3C90 
0.5830 
0.5944 
3.0020 
1.5530 
0.9275 
0.4165 
2.0890 
7.0840 

11.0800 
12.9900 
1.0430 
9.6950 
0.0907 
2.3850 
1.0030 
3.0440 
5.8590 
0.7350 
0.5270 
0.6720 
0.4000 
1.3420 
0.5950 
0.0980 
0.0950 
0.1150 

0.8350 
0.7814 
1.1480 
0.7370 
0.9720 
1.5300 
1.2620 
0.6780 
0.761 1 
1.2500 
1.1600 
0.9581 
1.6620 
1.2870 
1.4620 
1.6020 
1.4900 
1.0450 
1.1920 
1.2960 
1.2660 
1.2340 
1.2150 
0.9730 
1.0560 
1.2540 
1.2280 
1.5100 
1.0590 
1.2230 
0.8820 
0.9150 
1.1760 

0.0176 
0.0523 
0.0584 
0.0610 
0.1040 
0.0406 
0.0791 
0.0330 
0.0570 
0.0530 
0.0243 
0.0790 
0.0340 
0.0905 
0.0808 
0.0390 

0.0330 
0.0290 
0.0086 
0.0530 
0.0300 
0.0580 
0.0870 
0.0380 
0.0840 
0.1220 
0.0850 
0.0260 
0.0530 
0.0640 
0.1170 
0.0680 

-0.0060 

0.71 36 
0.9987 
1.0280 
0.9000 
0.8500 
1.5680 
1.3650 
0,7640 
0.8466 
1.1830 
1.1690 
0.9509 
1.7690 
1.4790 
1.571 0 
1.7320 
1.4480 
1.3190 
1.1800 
1.5020 
1.1290 
0.9400 
1.5800 
1.41 80 
1.31 90 
1.2890 
2.1990 
1.5100 
1.0120 
1.2850 
0.6260 
0.9770 
1.1760 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0.00 
0.00 
0.01 
0.01 
0.02 
0.02 
0.00 
0.01 
0.00 
0.01 
0.00 
0.01 
0.01 
0.00 
0.00 
0.01 
0.00 
0.01 
0.00 
0.00 
0.00 
0.00 

lata Validated as  Rejected 



TABLE 3-4 

SOIL PROFILE PITS 1-26 
TRENCH SAMPLING METHOD 

OPERABLE UNIT N0.2 PHASE I1 RFI/RI 
RF'CA TIER I SUM OF RATIO COMPARISON - RADIONUCLIDES 

TROI 
TROI 
TROI 
TROI 
TROI 
TROI 
TROI 
TRO 1 
TROI 
TRO 1 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR02 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR03 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 
TR04 

TR00341 WCU2 
TR00342WCU2 
TR00343WCU2 
TR00344WCU2 
TR00345WCU2 
TR00346WCU2 
TR00347WCU2 
TR00348WCU2 
TR00349WCU2 
TR00350WCU2 
TR00393WCU2 
TR00395WCU2 
TR00396WCU2 
TR00397WCU2 
TR00399WCU2 
TR00400WCU2 
TR00401 WCU2 
TR00402WCU2 
TR00403WCU2 
TR00404 WCU2 
TR00372WCU2 
TR00373WCU2 
TR00374WCU2 
TR00375WCU2 
TR00376WCU2 
TR00377WCU2 
TR00378WCU2 
TR00379WCU2 
TR00380WCU2 
TR00381 WCU2 
TR00386WCU2 
TROO 389 WC U 2 
TR00390WCU2 
TR00413WCU2 
TR00414WCU2 
TR00415WCU2 
TR004 1 6WC U 2 
TR004 17WCU2 
TR00418WCU2 
TR00419WCU2 
TR00420WCU2 
TR00421 WCU2 
TR00422WCU2 

0.0030 
0.0032 
0.0027 
0.0035 
0.0050 
0.0121 
0.0294 
0.1129 
0.1312 
0.1681 
0.0030 
0.0023 
0.0021 
0.0039 
0.0160 
0.0679 
0.0904 
0.1744 
0.3549 
0.3339 
0.0032 
0.0024 
0.0029 
0.0049 
0.01 16 
0.0125 
0.3595 
0.3521 
0.4124 
0.2253 
0.0037 
0.0034 
0.0031 
0.001 5 
0.0032 
0.0035 
0.0035 
0.0071 
0.0129 
0.1367 
0.451 7 
0.6219 
0.8893 



TR04 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR05 
TR06 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR07 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR08 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TR09 
TRIO 
TRIO 
TRI 0 
TRIO 
TRIO 
TRIO 
TRIO 
TRIO 

TR00431 WCU2 
TR00358WCU2 
TR 00 3 5 9WC U2 
TR00360WCU2 
TR00361 WCU2 
TR00362WCU2 
TR00363WCU2 
TR00364WCU2 
TR00365WCU2 
TR00366WCU2 
TR00367WCU2 

Samples Not Analyzed 
TR00307WCU2 
TR00308WCU2 
TROO 309 WC U2 
TR0031OWCU2 
TR00311 WCU2 
TR00312WCU2 
TR00313WCU2 
TR00314WCU2 
TR00315WCU2 
TR00316WCU2 
TR00323WCU2 
TR00324WCU2 
TR00325WCU2 
TR00326WCU2 
TR00327WCU2 
TR00328WCU2 
TR00329WCU2 
TR00330WCU2 
TR00331 WCU2 
TR00332WCU2 
TR00291 WCU2 
TR00292WCU2 
TR00293WCU2 
TR00294WCU2 
TR00295WCU2 
TR00296WCU2 
TR00297WCU2 
TR00298WCU2 
TR00299WCU2 
TR00300WCU2 
TR00171 WCU2 
TROOI 72WCU2 
TROOl73WCU2 
TR00174WCU2 
TROOI 75WCU2 
TROOI 76WCU2 
TROO177WCU2 
TROOl78WCU2 

0.0035 
0.0016 
0.0018 
0.0046 
0.0392 
0.0395 
0.1407 
0.21 18 
0.4376 
0.4295 
0.7886 

0.001 5 
0.0031 
0.0028 
0.0067 
0.0105 
0.0323 
0.2907 
0.0365 
0.0514 
0.0288 
0.0099 
0.0013 
0.0165 
0.41 19 
2.2325 
2.0584 
7.6719 
3.2540 
3.2948 
7.7843 
0.0037 
0.0021 
0.0033 
0.0031 
0.0057 
0.0141 
0.0441 
0.0966 
0.2510 
0.251 3 
0.0022 
0.0028 
0.0030 
0.0037 
0.001 7 
0.0025 
0.0035 
0.0056 



Location 
TRIO 
TRIO 
TRIO 
TR11 
TRI 1 
TR11 
TRI 1 
TR11 
TR11 
TR11 
TR11 
TRI 1 
TR11 
TR11 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR12 
TR13 
TRI 3 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR13 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR14 
TR15 
TRI 5 
TRI 5 
TR15 
TR15 
TR15 

TROOl79WCU2 
TROOl80WCU2 
TROOI 81 WCU2 
TR00274WCU2 
TR00275WCU2 
TR00276WCU2 
TR00277WCU2 
TR00278WCU2 
TR00279WCU2 
TR00280WCU2 
TR00281 WCU2 
TR00282WCU2 
TR00283WCU2 
TR00284WCU2 
TR00256WCU2 
TR00257WCU2 
TR00258WCU2 
TR00260WCU2 
TR00262WCU2 
TR00263WCU2 
TR00264WCU2 
TR00265WCU2 
TR00266WCU2 
TR00267WCU2 
TROOI 04WCU2 
TROOI 05WCU2 
TROOI 06WCU2 
TR00107WCU2 
TR00108WCU2 
TR00109WCU2 
TROOI 1 OWCU2 
TROOI 11 WCU2 
TROOI 12WCU2 
TROOI 13WCU2 
TR00239WCU2 
TR00240WCU2 
TR0024 1 WCU2 
TR00242WCU2 
TR00243WCU2 
TR00244WCU2 
TR00245WCU2 
TR00246WCU2 
TR00247WCU2 
TR00248WCU2 
TR00122WCU2 
TR00123WCU2 
TR00124WCU2 
TR00125WCU2 
TROOI 26WCU2 
TR00127WCU2 

0.0343 
0.0569 
0.0027 
0.0031 
0.0023 
0.0034 
0.0037 
0.0051 
0.0050 
0.0171 
0.0289 
0.081 3 
0.1386 
0.0042 
0.0026 
0.0023 
0.0023 
0.0024 
0.0089 
0.0428 
0.0504 
0.131 1 
0.5773 
0.0027 
0.0021 
0.0026 
0.001 1 
0.0016 
0.002 1 
0.0027 
0.0036 
0.0060 
0.0100 
0.0016 
0.0016 
0.001 0 
0.0008 
0.0042 
0.0056 
0.0074 
0.0084 
0.01 11 
0.0291 
0.0167 
0.0030 
0.0025 
0.0014 
0.0005 
0.0026 



TR15 
TR15 
TR15 
TR15 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR16 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR17 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR18 
TR19 . 
TR19 
TR19 
TR19 
TR19 
TR19 
TR19 
TR19 
TR19 
TR l9  
TR20 
TR20 
TR20 
TR20 
TR20 
TR20 

TR00129WCU2 
TROOI 3OWCU2 
TR00131 WCU2 
TR00071 WCU2 
TR00072WCU2 
TR00073WCU2 
TR00074WCU2 
TR00075WCU2 
TR00076WCU2 
TR00077WCU2 
TR00078WCU2 
TR00079WCU2 
TR00080WCU2 
TROOI 55WCU2 
TR00156WCU2 

TROOI 58WCU2 
TROOI 59WCU2 
TROO 1 60 WC U2 
TROO 16 1 WCU2 
TR00162WCU2 
TROO 163WCU2 
TROOl64WCU2 
TR00086WC U2 
TR00087WCU2 
TR00088 WCU2 
TR00089WC U2 
TR00090WCU2 
TR0009 1 WC U 2 
TR00092WCU2 
TR00093WCU2 
TR00094WCU2 
TROOO95WCU2 
TROOI 39WCU2 
TROO 14OWCU2 
TROO 1 4 1 WC U 2 
TROOl42WCU2 
TRO0143WCU2 
TROO 144WCU2 
TROO 145WCU2 
TROOl46WCU2 
TR00147WCU2 
TROOI 48WCU2 
TR00051 WCU2 
TR00052WCU2 
TR 00 05 3WC U 2 
TR00054WCU2 
TR 00 0 5 5WC U 2 
TR00056VVCU2 

TROOI 57WCU2 

0.0045 
0.0053 
0.0036 
0.01 16 
0.0025 
0.0031 
0.0029 
0.0020 
0.0050 
0.0041 
0.0065 
0.0066 
0.0093 
0.0109 
0.0062 
0.0044 
0.0029 
0.0058 
0.0086 
0.0056 
0.0061 
0.0082 
0.0346 
0.1604 
0.0066 
0.0098 
0.0130 
0.0069 
0.0080 
0.0093 
0.0094 
0.0055 
0.0092 
0.0197 
0.01 16 
0.0081 
0.0065 
0.0083 
0.0075 
0.0091 
0.0062 
0.0122 
0.0134 
0.0135 

’ 0.0141 
0.0053 
0.01 93 
0.0027 
0.0045 
0.0072 



TR20 
TR20 
TR20 
TR20 
TR2 1 
TR21 
TR2 1 
TR2 1 
TR2 1 
TR21 
TR2 1 
TR2 1 
TR2 1 
TR2 1 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR22 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR23 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR24 
TR25 
TR25 
TR25 
TR25 

TR00057WCU2 
TR00058WCU2 
TR00059WCU2 
TR00060WCU2 
TROOOOI WCU2 
TR00002WCU2 
TR00003WCU2 
TR00004WCU2 
TR00005WCU2 
TR00006WCU2 
TR00007WCU2 
TR00008WCU2 
T ROO 00 9WC U2 
TR0001OWCU2 
TROOOI 6WCU2 
TROOOI 7WCU2 
TROOOl8WCU2 
TROOOl9WCU2 
TR00020WCU2 
TR00021 WCU2 
TR00022WCU2 
TR00023WCU2 
TR00024WCU2 
TR00025WCU2 
TR00026WCU2 
TR00034WCU2 
TR00035WCU2 
TR00036WCU2 
TR00037WCU2 
TR00038WCU2 
TR00039WCU2 
TR00041 WCU2 
TR00042WCU2 
TR00043WC U2 
TR00044WC U2 
TR00050 WC U2 
TROO 189WCU2 
TR00190WCU2 
TROOI 91 WCU2 
TROOI 92WCU2 
TROOI 93WCU2 
TROOI 94WCU2 
TROOI 95WCU2 
TROOl96WCU2 
TR00197WCU2 
TR00206WCU2 

. TR00223WCU2 
TR00224WCU2 
TR00225WCU2 
TR00226WCU2 

0.0050 
0.0059 
0.0091 
0.0095 
0.0029 
0.2006 
0.4591 
0.0029 
0.0027 
0.0032 
0.0028 
0.0036 
0.0037 
0.0095 
0.0044 
0.0032 
0.001 1 
0.0027 
0.0007 
0.0032 
0.0041 
0.0085 
0.0031 
0.01 02 
0.0061 
0.0043 
0.0044 
0.0389 
0.0299 
0.0093 
0.0059 
0.0102 
0.0084 
0.0028 
0.0031 
0.0048 
0.0024 
0.0018 
0.0016 
0.0031 
0.0031 
0.0037 
0.0037 
0.0051 
0.0048 
0.0022 
0.0058 
0.0077 
0.0096 
0.0108 



TR25 
TR25 
TR25 
TR25 
TR25 
TR25 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 
TR26 

Trench TR06 was sarnl: 

TR00227WCU2 I 0.01 15 
TR00228WCU2 0.01 17 
TR00229WCU2 0.0135 
TR00230WCU2 0.01 19 
TR00231 WCU2 0.01 53 
TR00233WCU2 0.01 57 
TR00207WCU2 0.0066 
TR00208WCU2 0.0096 
TR00209WCU2 0.0105 
TR0021 OWCU2 0,0101 
TR00211 WCU2 0.0069 
TR00212WCU2 0.0124 
TR00213WCU2 0.0152 
TR00214WCU2 0.01 50 
TR00215WCU2 0.01 70 
TR00216WCU2 0.01 90 

:d but not analyzed because activity 
exceeded DOT shipping requirements. 



TABLE 3-8 

SUBSURFACE SOIL SAMPLES 
OPERABLE UNIT N0.2 PHASE I & I1 RFIM 

RF'CA TIER I SUM OF RATIOS COMPARISON - RADIONUCLIDES 

. (Location 
BH2287 
BH2287 
BH2287 
BH2287 
BH2287 
BH2387 
BH2387 
BH2387 
BH2487 
BH2487 
BH2487 
BH2487 
BH2687 
BH2687 
BH2687 
BH2787 
BH2787 
BH2787 
BH2887 
BH2887 
BH2887 
BH2887 
BH2887 
BH2987 
BH2987 
BH2987 
BH2987 
BH3087 
BH3087 
BH3087 
BH3087 
BH3087 
B315289 
B315289 
B315289 
B315289 
B315289 

29 1 
6591 
6591 
6591 
6591 
6591 
6591 

BH22871018 
BH22871 OWS 
BH228720CT 
BH228722BR 
BH23870008 
BH238708CT 
BH238711 BR 
BH24870002 
BH248705CT 
BH248708BR 
BH248710WS 
BH26870003 
BH268703CT 
BH268706BR 
BH27870010 
BH27871 OCT 
BH278713BR 
BH288700W 
BH28870104 
BH288705WS 
BH288706CT 
BH288709BR 
BH29870010 
BH298713CT 
BH298716BR 
BH298717W 
BH30870010 
BH30871020 
BH308710WS 
BH308720W 
BH308725BR 
5989BR0003 
5989BR0306 
5989BR0711 
5989BR1115 
5989BR1518 

BH00574WCU2 
BHOl249WCU2 
BH01251 WCU2 
BHOl255WCU2 
B H 0 1 257 WC U2 
BH01260WCU2 
BHOl262WCU2 

0.001 
0.001 
0.001 
0.000 
0.001 
0.002 
0.001 
0.001 
0.118 
0.002 
0.002 
0.001 
0.116 
0.003 
0.002 
0.005 
0.001 
0.002 
0.006 
0.002 
0.002 
0.003 
0.006 
0.002 
0.002 
0.001 
0.001 
0.230 
0.001 
0.002 
0.001 
0.001 
0.019 
0.002 
0.001 
0.002 
0.001 
0.017 
0.002 
0.002 
0.002 
0.004 
0.002 
0.002 



6591 
6591 
6591 
6691 
6691 
6691 
669 1 
6691 
6791 
6791 
6791 
6791 
6791 
6891 
6891 
6991 
6991 
6991 
6991 
6991 
6991 
7091 
7091 
71 91 
7191 
7191 
7191 
7291 
7291 
7291 
7291 
7391 
7391 
7391 
7591 
7591 
7491 
7491 
7691 
8691 
8691 
8691 
869 1 
8791 
8791 
8791 
8791 
8791 
8891 
8891 

BH01265WCU2 
BHOl268WCU2 
BH01270WCU2 
B H  005 1 8WC U2 
BH00520WCU2 
BH00522WCU2 
BH00524WCU2 
BH00525WCU2 
BH00490WCU2 
BH00493WCU2 
BH00496WCU2 
BH00499WCU2 
B H 0050 1 WC U 2 
BH00540WCU2 
BH00543WCU2 
BH00701 WCU2 
BH00702WCU2 
B H00706WCU2 
BH00708WCU2 
BH0071 OWCU2 
BH00714WCU2 
BH00484WCU2 
BH00486WCU2 
BH00979WCU2 
BH00982WCU2 
BH00985WCU2 
B H 00987 WC U 2 
BH00718WCU2 
BH00719WCU2 
BH00721 WCU2 
BH00723WCU2 
BH00475WCU2 
BH00477WCU2 
BH00480WCU2 
BH01227WCU2 
BH01229WCU2 
BH01233WCU2 
BH01235WCU2 
BH01204WCU2 
B H 005 3 0 WC U 2 
BH00533WCU2 
BH00536WCU2 
BH00537WCU2 
BH00505WCU2 
BH00507WCU2 
BH00510WCU2 
BH00512WCU2 
BH00514WCU2 
BH00550WCU2 
BH00552WCU2 

0.003 
0.004 
0.002 
0.083 
0.01 1 
0.003 
0.002 
0.003 
0.003 
0.002 
0.002 
0.003 
0.002 
0.001 
0.002 
0.001 
0.001 
0.002 
0.002 
0.002 
0.003 
0.002 
0.008 
0.002 
0.002 
0.002 
0.003 
0.007 
0.003 
0.003 
0.003 
0.003 
0.004 
0.003 
0.002 
0.058 
0 003 
0.005 
0.003 
0 018 
0.002 
0.003 
0.003 
0.004 
0.002 
0.004 
0.003 
0.002 
0.028 
0.01 5 



8891 
8891 
8891 
8991 
8991 
8991 
8991 
8991 
8991 
9091 
9091 
9091 
9091 
9091 
9191 
9191 
9191 
9191 
9191 
9691 
9691 
9691 
9391 
9591 
9791 
9791 
9791 
12791 
12791 
13091 
13091 

BH00952WCU2 
BH00955WCU2 
BH00957WCU2 
BH0074 1 WCU2 
BH00743WCU2 
BH00745WCU2 
BH00750WCU2 
BH00752WCU2 
BH00753WCU2 
BH00727WCU2 
BH00729WCU2 
BH00732WCU2 
B H 0073 5 WC U2 
BH00737WCU2 
BH00962WCU2 
BH00965WCU2 
BH00969WCU2 
BH00973WCU2 
B H 00975 WC U 2 
BH01207WCU2 
BH01211WCU2 
B H 0 1 2 14WCU2 

All 
All 

BH01218WCU2 
BH01221 WCU2 
BHOI 223WCU2 
BH01239WCU2 
BHOl24OWCU2 
BH00347WCU2 
BH00348WCU2 

0.004 
0.002 
0.002 
0.018 
0.003 
0.002 
0.002 
0.003 
0.003 
0.007 
0.002 
0.002 
0.002 
0.002 
0.053 
0.005 
0.002 
0.002 
0.004 
0.003 
0.003 
0.006 

Rejected 
Rejected 

0.003 
0.004 
0.003 
0.003 
0.003 
0.002 
0.002 

Rejected Laboratory results validated as rejected. 
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Comments: 
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00006451 

THE DOVV CHEMICAL COMPANY 

J. Seaatone. 

Eealth ehys'ice haa completed a survey of the plutonium contaminstion 
present on the eurface of tho 903 area. The folhuing describe6 the 
techniques ueed, conditions in the area during tba survey, survey 
results, and the Beslth Phyeica'recommendetlan for corrective action. 

A grid system uas eStdYli6bed which extended approximately 25 feet 
outside of the fenced area in all dfrectlana. 
place& at i n t e d s  o f  25 feet along each grid &%ne and the  mciximum 
level o f  coatemtnation wlthin 1 foot of each stake w a s  determiaed. 
Significant Levels of contsmfnatioa vere noted on the eaet and south 

125 feet la these direction6 t o  more accurately determine the size d 
ehapa o f  the uign1ficeatl;r contaminated area. 

Wooden etakes were 

boUQdmf8S Of tbs grid 8yStX3t 80 the 6y&a  wB8 extended a0 a d d i t i O a  

Vegetation l e  very sparse inside of the fenced area and the levels Of 
conteuxlnation were detemioed for the most part on bare s o i l .  
outside of the fenced =ea $6 relatively heaw and although attempt0 
were W e  to rewh the soil tbe Level# of contmfnatloa are in many 
caee13 influenced downverd due to a pester distance and YegetatlW 
 eon the 

There had beon no e i 5 i f i o a n t  rain fall during the previous week t o  
ten days. 

Vegetation 
' 

All of tbe surrcya were taken durfng 

' 
from 75 to  95 degree6 Fahrenheit* ' 

!he  reeults of the  survey displqed on the attachdd diagram. 
&formation used in converting the S u r W y  XY?$Ults. to m ~ C r 0 ~ ~  E F  

he " E b ? r ~ c r  Radiation Monitorha 
y Reynolds Electricsl and ~ i n e e r i n 4 3 '  

Eompany, kcorprated (REEX), ~ercury,  Be-, for  um3 in Operetion 
"Elot Spot;", The convereloa factors BTC f o r  "fresh fallouf;". 

"he, contimination in tho.303 a r m  ie not "freoh t d l o u t " .  
fcncad arm and 1 spot estimated at f r o m  100 to 300 microgram6 per 
square meter south o f  the fenced €ireti# the aontsmination is due to 
leakinrt drume. 

W i W n  tha 

The contanination uas cerriad into the soil by 8 l i W d ,  
TM aoXr cozx~t ioas  a this -ea da not permit accurate penetration 
dcLenninations, but, B spot e w e y  i n  the southwest section indtcated 
60'microgmnt.~ pir square meter at a depth o f  8 inches with no indication 
o f  haw reached the Umlt o f  penetration. I 

. I  i 
I 1: 

4 

t 

._ 



* 2. - 
The effecte of wind, rain, snow, aad Work in the fenced area, hclud- 
purposely covering high level contamination with clean sot1 and gravel, 
have not been determined, but.it I s  known t h a t  these factors result 
the s w e y  fndicattng lens plutoniwn than the actusl amount present. 
Inside of the fenced arcs the ectual smount of plutonium present lnay 
be as much ae 1,ooO tfmee more than is indicated by the e w e y  reeulte. 

. 

The contantication in tbu remaiaing area outside of the fence is due t o  
wind and gmuod water runoff f m m  tha fenced area. No attempt8 &Vu 
been made to determine' the depth of penetration stl this area, but it 
is retwonoble to BSSW that the peaetration le not more thaa 1 or 2 
Inches deep sn4 that the actual amount of plutonim present i r ,  not mre 
than $00 time6 greater than the mmunt indicated by the ourvcy results, 

we a m y  results must, therefore, be Conaidered a s  relative rather 
tban absolute numbers, To eetablish sbeolute WWB would require an 
extensive 8 0 i l  sempling program. T&&~ynn c o w  time conaumfna.. 
'$00 expensive and nof nec i n  order to consider the aolutlone to 
the problem. --!- 
In considerin& t& solutione to the problem, one can refer to the REEco 
trahirlg manuat and the "a R a d h h g i c a l  Aeslataoct Plan". 
fma the XEECO t ram manusl: 

933 WOW 

"The most deelrable objective for decontamimtfon Would 
be to remove all trecee af contsmfsation, at le-f to 1 
or 2 microgram per squaire meter. &ever, in many, 

, perhaps mat, ewes tbia w i l l  not be possible. Therefom, 
euggeated maxiunm level6 for determinfng; decontaminst€On 
anti rehtive hazards i n  a.rem are tw f o ~ o v e :  I 

Greater than Extremely hazsrctoue 
3500 taicrograma per e ~ u a r s  meter 

Greater than sow hazllrd * 

lw micrograms per s q w  meter ' d e c o n m t 8  . .  

Lees than Littile hazard - 
~OOo~microgrems per equere Pleter decontemiaste if in 

public intenet . "  

! 

i. 

I 

1, 

I '  

r ... 

I 

. . . . ,  . .  .. ,,. . .-I.'..::.. ._ : . : :. . .. . ~. ., .... . 
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effected. (Si s n i t i d  contern-tion 1~ 1886 tbsn Loo0 
micrograms perr squara meter, the area ebodd be d.ecoaW- 
inated only t o  a value coneistent with reawnable effort  

1.. There are two forklin truuke i n  the fenced area. 
Crate ‘;snd diepuae of these forklifts as contamim*~ 
wastu 

3. Remove the fence from the south d east eides of the 
area. Diapose of the fence as contminated watite. 

4. 

‘\. 
5;\ 

Flemove tbe m i l  and rock from the spot Of from 100 
to 300 micrograms per square meter south of  tbe fenced 
area by hand. Place the soil  and rock inetde of the 
fenced wea. Ilempen or oil the area to avoid creating 

Bulldoze the s o i l  and mck to a depth of from 4 to 6 
\inchee from tbe contaminated &rea8 outside of the  

fence to the east d eouth into the fenced area. 
Rampen or o i l  ths mea to avoid cmatiag dust d u b 6  

duet during the remoVd.. 

the- operation.. 

! h i e  eoil  snd rock is t o  \,e used to start to bring the 
l e ve l  of the fenced a s s  trp to the bigbeet p o i n t  in the 
fenced =ea. Tba ma& w i t h i n  ths f a o r  is not to be 

I: 

This should be done with the bulldozer which PLant Service8 
(Jack Seastone) hrre obtained from surplus. It W become 
necesasry to diepose of thio b W z e r  as contaminated 

6, Remove the tanks west of auildipe 903. Diapose of the 
tmks  ae contemFpate& waste. 

t .  



- 4 -  

.- 
8.3 Remove the gas tank veet of BuIlUDG gO4 and ret- it 

to the vendor. 
I 

10. Bring In additional soil  and gravel t o  covor and complem 1 
I 

1 :  the rasing of the fenced arts up t o  and cover the high- 
e s t  point in t im fenced area, ws cover i s  ia ustead 
25 feat bepnd tha fenced ara6 i$l aU. directions and t S  
to be of a thlaknefis arid texture to @me as 6 base for  

This cmer CBP be applied by a contractur e-% dong . . ', 
the north eidnr and grading to the south with the m e r  

'. , . . .  
0 .  

( 
' 0  

1;. 

': 
I. * 

a concrete pad. 

'i . 
remaining on tbe new cover. 

The contractor f8 to pour 8 concrete pad over the area. 
The pad I s  to be poured in e manner uhich w l l l  aa6ure 
that ground water  will not run d e r  it anb t h a t  vater 
frapr rain or mw will not penetrate it. 

m4s w i l l  insure coataintPent of  the contmination and prevent the 
cob,L&ntnatlon from poeeibly reaching the uadergzmmd water. 

11. 

-_ 

4' 

'4 
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EXECUTIVE SUMMARY 

A comprehensive evaluation of radiochemistry data acquired within the ER program over the past 
several years has been completed for the purpose of evaluating the data's usability relative to potential 
remediation of radionuclides within the soils at and near the 903 Pad area. The data sets reviewed 
include OU-1 Phase I l l  RFI/RI surficial soils, OU-2 Phase I I  RFI/RI surficial soils, and trenches 
throughout several operable units as well as the buffer zone. Evaluation of the data for usability relative 
to environmental decision-making satisfies a major quality requirement of the ER program. 
The data sets were chosen based on their areal extent with respect to the 903 Pad and the time frame in 
which the data were acquired. The success of any remediation effort hinges on the confidence of 
"knowing" the areal and vertical extent of contaminant concentrations relative to action levels (Le. 
cleanup levels). The time frame of the data sets evaluated was significant because the data were 
acquired within an established environmental Quality Assurance program, consistent with the goal of 
producing defensible data and consequent environmental decisions. 

In general, and from a radiochemistry perspective, all data qualified as valid (flagged as "V'), acceptable 
with qualification (flagged as "A'), or unflagged, is usable, based on the well-established, formal data 
validation process. Rejected data (flagged as "R") is not usable for the same reason. Because such a 
vast majority of the radionuclide dataset underwent the formal validation process with high percentages 
of valid and acceptable data (Luker et al., 1994), inferences about (analyticaVradiochemistry) data 
usability have a high confidence throughout the ER program as a whole. Generally, all data not rejected 
by the validation process are usable. Validation qualifiers directly and adequately address such usability 
criteria as "precision" and "accuracy"; however, data usability based on "representativeness", 
"completeness", and "comparability" relies less on data validation criteria and more on the data as 
compared with project objectives. Such comparisons given in this report do not disqualify any data 
beyond those rejected data from the validation process. However, it must be emphasized that details of 
this usability analysis are with respect to a procedure designed to measure compliance to work plans 
already implemented (e.g., OU-2 Phase II RFI/RI Work Plan), and not with current remedial action 
plans. Inputting selected, usable data into impending remediation strategies (work plans) is the next 
step. 

The foremost precaution warranted for use of previously collected RFI/RI data is that of 
representativeness: this is the weakest aspect of the usability argument, as compliance with the RFllRl 
work plan(s) is the primary basis for establishing representativeness. It must be ensured that the 
samples used to estimate radionuclide activity levels directly support the latest remediation goals 
(especially with respect to 3-0 locations), and not simply compliance with previous RFllRl 
(characterization) work plans. For example, one analytical result may represent up to 10 acres of areal 
extent (Colorado Department of Health {CDH} method) while another may represent point-locations 
(trenchlpit samples). If the desired areal control of remediation is to be "tighter" than the areal control 
provided by composite sampling, further sampling control will be necessary. Conversely, if such gross 
areas are not within a remediation area of interest (e.g., on the outer periphery of the buffer zone), 
previous composite sampling over the area is probably adequate as a gross characterization of large, 
peripheral areal plots. 



1.0 PURPOSE 

The purpose of this report is to provide the results of Environmental Restoration Management's 
Procedure 2-G32-ER-ADM-08.02, Evaluation of ERM Data for Usability in Final Reports, to indicate 
surficial soil data usability for OU-2 remediation strategies. The data evaluated by this procedure include 
surface soil samples analyzed for radionuclides that span several projects; over 11 8 plots utilizing CDH 
and RFP sampling methods, over 28 plots utilizing RFP sampling methods for the OU1 Phase Ill RFVRI, 
and 26 trenches based on the OU-2 Phase I I  RFI/RI work plan. 

2.0 BACKGROUND 

Regarding the Phase I I  RFI/RI Report 903 Pad, Mound, and East Trenches Area, Operable Unit No.2 
dated October 1995, numerous surface soil sampling programs were implemented in support of the OU2 
RFI/RI including: 

0 

The sampling of 1 18 plots using the CDH sampling method to determine spatial extent of 
radiological contamination including plutonium-239/240, americium-241, and uranium isotopes; 
The sampling of 11 8 plots using the RFP sampling method for americium-241 and plutonium- 
2391240 comparison with the CDH sampling method; 
The sampling of 26 pits using trenching methods to determine the vertical extent of radiological 
contamination; and 
The sampling of 40 locations to generate data for use in the risk assessment. 

Two separate evaluations were performed specific to the OU-2 surficial soils data: the CDH sampling 
program and the RFP sampling program. 

Other surface soil sampling programs were implemented during the OU2 RFI/RI, which were intended 
to support the OU1 RFI/RI including: 

The sampling of 11 8 plots using the CDH sampling method to determine spatial extent of 
radiological contamination including plutonium-239/240, americium-241, and uranium isotopes. 
Seven of the 10-acre plots and four of the 2.5-acre plots fall partially or entirely in OUI; 
The sampling of 1 18 plots using the RFP sampling method for americium-241 and plutonium- 
2391240 to compare with the CDH sampling method; 
The sampling of 26 pits using trenching methods to determine the vertical extent of radiological 
contamination. Three of these pits are located within OUI. 

0 

0 

A surface soil sampling program was implemented in support of the OUl Phase I l l  RFllRl baseline risk 
assessment. The OU1 area was divided into four-hundred-fifty 50- by 1 OO-foot contiguous rectangle 
plots, which were sequentially number. Twenty-four of the plots were selected for sampling by matching 
the plots with numbers generated from a random number generating process. Four biased sampling 
locations were selected to include IHSSs 106, 130, 11 9.1 and 11 9.2 because they were most likely to 
have surface soil contamination based on site histories -- contaminated liquid discharges, stored, 
drummed wastes, or wastes were buried at shallow depths. Data associated with the 4 discrete 
sampling locations identified in Technical Memorandum 5 is not being evaluated in this effort. These 
data were previously addressed under the OU1 Hot Spot Removal Action. 

The final subset of data was collected from Trenches 1-26 in support of the OU2 Phase I I  RFVRI. These 
samples were collected at the surface (0-3 cm. and 3-6cm.) and to approximately one meter in depth. 



3.0 WORK PLAN REQUIREMENTS 

3.1 OU-1 PHASE 111 RFI/RI SURFlClAL SOIL DATA 

Draft Final Technical Memorandum 5, Addendum to the Final Phase Ill RFI/RI Work Plan, Surface Soil 
Sampling and Analysis Plan, Rocky Flats Plant, 881 Hillside Area (Operable Unit No.1) provides the 
scope of the surface soil sampling program. 

The program included collecting samples over a grid covering approximately 52 acres. The OU1 area 
was divided into four-hundred-fifty 50- by 1 OO-foot contiguous rectangle plots, which were sequentially 
number. Twenty-four of the plots were selected for sampling by matching the plots with numbers 
generated from a random number generating process. Four biased sampling locations were selected for 
sampling in IHSSs 106, 130, 119.1 and 119.2. The samples were planned with the RFP sampling 
method -- a mixture of 10 grab subsamples from which one composite sample was generated for 
analysis. Random subsamples from the composite were withdrawn and measured for numerous 
analytical measurements. With through mixing, a physical averaging took place, so that the final sample 
analyzed represented an average concentration of the original grab subsamples and their respective 
locations. 

The Work Plan proposed 24 plots and four discrete locations for a total of 28 surface soil samples using 
the RFP method. 

The Draft Final Technical Memorandum 5, Addendum to the Final Phase Ill RFI/RI Work Plan, Surface 
Soil Sampling and Analysis Plan, Rocky Flats Plant, 881 Hillside Area (Operable Unit No.?) provides the 
surface soil sampling programs QNQC requirements. The analysis program include gross alpha, gross 
beta, plutonium-239/240, americium-241, uranium-233/234, uranium-235, uranium-238, radium-226, 
and Radium 228. However, only results of radionuclides identified in the RFCA (Pu, Am, U-2331234, U- 
235, and U-238) warrant evaluation. 

The OU1 Technical Memorandum w0.5 QAA did not state rationale for the evaluation of equipment 
rinsate blank results. Risk Assessment Guidance for Superfund (RAGS, 1989) rationale was better 
suited for this evaluation . RAGS states that if the contaminant is not a common laboratory contaminant 
then “consider site sample results as positive only if fbe concentration of the chemical in the site sample 
exceeds five times the maximum amount defected in any blank’: Rinsate samples were evaluated 
relative to the RAGS guidance, as well as using RFCA action levels to qualitatively compare to field 
blank values. 

The OU1 TM5 did not specify rationale for the evaluation of duplicate sample results. Therefore, 
consistent with other Environmental Restoration projects at RFETS, the DQO for field duplicate samples 
was 40 percent relative percent difference for homogenous, non-aqueous samples. 

3.2 OU-2 PHASE II RFI/RI SURFlClAL SOIL DATA 

Technical Memorandum 1 to the Final Phase I I  RFI/RI Work Plan (Alluvial) provided the scope of the 
surface soil sampling program. The program planned samples over a grid covering approximately 800 
acres. The State of Colorado requires special techniques for construction on lands with plutonium- 
2391240 concentrations greater than 0.9 pCi/g of dry soil. To evaluate the soil-plutonium-2391240 values 
relative to this guideline, the CDH sampling method was employed. However, CDPHE (formerly CDH) 
has subsequently stated that the standard does not apply to the Rocky Flats site. The CDH sampling 
protocol required 25 samples to be composited within a 10-acre area for analysis. Because of the large 



concentrations in soil-plutonium-239/240 near the source, a 2.5-acre grid was sampled immediately east 
of the 903 Pad and around the East Trenches area. 

The Work Plan proposed 124 plots for sampling using the CDH method. Eighty-four 4.05-ha plots and 
thirty-four 1.01-ha plots were sampled for a total of 118 plots. Plots 2, 8, and 9 were not sampled 
because they were covered with structures and/or pavement. Plots 7, 14, 17, and 18 were not sampled 
because the plots were inside the Protected Area, where the surface is highly disturbed. Plot 0 was 
added during the field implementation stage. 

The Quality Assurance Addendum, QAA 2., to the Rocky Flats Plant Site-Wide QA Project Plan for 
CERCLA RI/RS and RCRA RFI/RI/CMS Activities for Operable Unit No.2 (Alluvial), 903 Pad, Mound, 
and East Trenches Area Phase II RFI/RI, August 1991 provided the data quality objects and sampling 
program for the surficial soils sampling program. The analysis program include Plutonium-239/240, 
Americium-241, and Uranium-233/234, Uranium-235, and Uranium-238. 

The OU2 Work Plan did not propose the RFP sampling method. It appears that the sampling program 
was added later to determine if sampling methods impacted RFllRl conclusions on radionuclide (activity) 
areal distributions. 

Litaor (unpublished) states: “During the initial phase of the field work for OU 2, it became evident that 
using the CDPHE sampler for the stated objective may be difficult to implement. The CDPHE sampler 
collects only the top 0.64 cm of the soil. This minimal sampling depth exhibited two serious problems; 
( I )  it was difficult to assess the exact boundary between the impacted soil surface and the litter layer 
accumulated above, and (2) the soils within the RFETS have been undisturbed for the last 30 years, 
which facilitated eolian accumulation and soil development with little or no surface erosion. This 
phenomenon may comprise the main objective of the study to provide a reliable spatial distribution of 
PU-239+240 in the soil environment around RFETS. Hence, a comparative study was conducted to 
assess actinide activity using the CDPHE and the Rocky Flats (RF) sampling techniques. ” 

Litaor applied the Wilcoxon Signed Rank test to compare the two sampling techniques and states: 

“The WSR is a non-parametric test because it uses the ranks of the data as opposed to data 
themselves. Two statistical tests were conducted. In the first test the PU-239+240 activities in the 
entire data set of 167 RF samples were compared against the 167 CDPHE samples collected from the 
same plots. There was no significant differences at the 95-percent confidence level between the two 
sampling procedures. Because Pu-239+240 activity in soil changed significantly with distance and 
direction from the former storage site, a distance-dependent data design was developed. There were no 
significant differences between the two sampling procedures in most distance classes. The findings of 
this comparative study suggest that for the purpose of ecological risk assessment, the soil sampling 
technique has little effect on the outcome of the analysis.’’ 

The RFP method was used to sample the 1 18 locations where CDH samples were collected. However, 
only data for only 106 locations were downloaded from RFEDS. Plutonium-239/240 and americium were 
analyzed. The OU2 QAA states that uranium isotopes would be performed on surface soil samples 
Eight duplicate samples and six rinsate samples were collected. No results for samples collected using 
the RFP method are presented in OU2 Phase II report. 

The OU2 QAA provided the data quality objects and sampling program for the surficial soils sampling 
program. These samples were collected in support of the OU2 Phase I1 RFVRI, with required 
conformance to the QAA requirements set forth in the OU2 QAA. The QAA requirements have been 
previously provided in the CDH method section. 



3.3 SOIL PROFILE DATA 

The OU2 Work Plan proposed the excavation of 26 pits, 1.5 meter long, 1.9 meter wide and 1 .O meter 
deep, in order to access the vertical migration of plutonium-2391240 and americium-241 in soils east and 
south of the RFETS. Surface soil samples from the 26 soil profiles were planned using a modified trench 
method (Harley, 1972). Ten samples were collected over 3 centimeter intervals, beginning at the 
deepest block in the excavation. The samples were collected using a stainless steel scoop and template 
(3 centimeters x 20 centimeters) which were pressed into the wall of the excavation. Three samples 
from each depth were consolidated to provide a better representation of the site. 

The Work Plan described studies of physicochemical association of plutonium and americium in soils 
east of the 903 Pad using a sequential extraction methodology. The soils were to be extracted into four 
major physicochemical fractions; carbonates, organics, sequioxides, and residuals. However, the Work 
Plan also stated that spikes of plutonium-237 were added to soil samples before each extraction step to 
evaluate possible readsorption. If serious postextraction readsorption (1 5%) took place, the sequential 
extraction process would not be performed and samples collected from Trenches 1 to 5 would be 
analyzed for total plutonium-239/240 and americium. The Phase II RFI/RI Report did not provide results 
of the plutonium-237 spikes. In addition, the report stated that digestion of samples was completed by 
microwave, therefore RFEDS results downloaded represent total radionuclide activity. Sequential 
extractions were not performed. 

The OU2 QAA 2 provided the data quality objectives and sampling program for surficial soils sampling. 
These samples were collected in support of the OU2 Phase I I  RFI/RI and were required to conform to 
the QAA requirements set forth in the OU2 QAA. 

4.0 RESULTS 

The data sets from which this report were drawn consist of the following individual files, evaluated on 
Excel spreadsheets downloaded from the RFEDS, and queried based on project identifiers and three- 
dimensional locations of samples. 

4.1 PRECISION 

Use of field duplicates is the primary method of evaluation for overall precision of the radiochemistry 
process. One field duplicate collected for 20 real samples, or one per sampling event, whichever was 
more frequent, was the DQO of interest for evaluation of precision. Although several of the overall 
precision compliance numbers were below the typical data quality objectives of 40% (relative percent 
difference), all but one of the noncompliant values resulted exclusively from samples with very low 
absolute differences between QC and real samples radioactive levels (<7 pCi/g difference). Such 
discrepancies in reproducibility (239240Pu for the example cited) are two orders of magnitude less than the 
respective Tier 1 action levels. Therefore, overall radiochemistry values for precision, or reproducibility - 
-which encompass both laboratory and field variability -- are satisfactory for the data sets reviewed. 
Recall that "overall" precision includes variability within the lab's radiochemistry measurement process 
as well as that inherent within the field sampling's standard operating procedures and decontamination 
protocols. The one exception to this general conclusion is considered, qualitatively, as an outlier, where 
the delta value was -10.6 nCi/g. 

It should be noted for future radionuclide sampling/analysis that a DQO of 40% RPD for overall project 
precision is ambitious (Le., unrealistic for 100% compliance), due to the typically low levels of 
radionuclides found in environmental samples. Further, the DQO was based on standard analytical 
chemistry methods -- organics and inorganics -- at the outsets of the cited projects, and was simply 



adapted to radiochemistry out of convenience and a conservative approach to QC of the 
sampling/analysis process. Two values that exceeded a 7 pCi/g delta (discussed above) were from 
samples with significant "hits", but as such, were within the DQO of <40%RPD. 

U-238 

Observations on precision are discussed below , by project. 

Soil - < 40% 34 4 3 75% 

4.1.1 OU-I PHASE Ill RFI/RI SURFlClAL SOIL DATA 

Am-24 1 
U-234/235 

U-235 

The data quality objective for field duplicate samples was 140% RPD for homogenous, non-aqueous 
samples. Summary results are provided below, while absolute and delta value are shown in Table 4-1, 
where values are sorted by the absolute difference ("DELTA') in results and in descending order. 

- 
Soil - < 40% 118 7 7 100% 
Soil - < 40% 118 4 3 75% 
SOll  - < 40% 118 4 2 50% 

OU1 Phase 111 RFI/RI - Modified RFP Sampling Method 
Duplicate Sample Results 

U-238 Soil - < 40% 118 4 4 100% 

Overall, the RPD of less than or equal to 40% for duplicate samples was met for 70% of the duplicates 
collected. Sample results validated as rejected were not included in the evaluation. Based on the work 
plan, over 85% of the duplicates should have met the established DQO for precision. 

4.1.2 OU-2 PHASE I I  RFI/RI SURFlClAL SOIL DATA 

The data quality objective for field duplicate samples was 540% RPD for homogenous, non-aqueous 
samples (OU-2 Q M ) .  Summary results are provided below, while absolute and delta value are shown 
in Table 4-2 (CDH-method) and Table 4-3 (RFP-method), where values are sorted by the absolute 
difference ("DELTA') and in descending order. 

OU2 Phase I1 RFI/RI - CDH Sampling Method 
Duplicate Results 
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Overall, the RPD of less than or equal to 40% for duplicate samples was met for 85% of the duplicates 
collected by the CDH method. Uranium isotopic results for duplicate samples from plots 58, 106, and 
116 were not located in RFEDS. 

PU-239 
Am-24 1 

U-2331234 
U-235 
U-238 

OU2 Phase I1 RFI/RI - RFP Sampling Method 

Duplicate Results 

Soil - < 40% 258 10 6 60% 
Soil - < 40% 257 10 3 30% 
Soil - < 40% 268 10 7 70% 

Soil < 40% 268 10 8 80% 
Soil - 40% 266 10 1 10% 

P~-239/240 Soil - (40% 107 11 5 45% 
Am-241 Soil < 40% 107 11 10 91 % 

QNQC sample collection requirements were met for both plutonium-239/240 and americium 241 in 
support of the RFP sampling program. However, no real sample results could be located for duplicate 
samples collected at Plot PT089 sample number SSOl120ST. Overall, 68% of duplicate sample results 
were within the specified RPD range. At least 85% of all quality control samples were required to comply 
with the established precision, or RPD goals. This evaluation of duplicate sample results indicates that 
the Pu-2391240 and Am-241 values determined from samples collected using the RFP method do not 
meet the minimum requirements of DQOs for precision. 

4.1.3 SOIL PROFILE DATA 

Consistent with the OU-2 Work Plan, the DQO for field duplicate samples was (40% RPD for 
homogenous, non-aqueous samples. Summary results are provided below, while absolute and delta 
value are shown in Table 4-4, where values are sorted by the absolute difference ("delta) in results and 
in descending order. 

OU2 Phase I1 RFI/RI - Soil Profile Program 
Duplicate Results 

QNQC sample collection requirements were not met for radionuclide samples collected in support of this 
program. Fourteen duplicate samples were required to be collected to meet the one duplicate per 
twenty real sample ratio. Duplicate and real sample resutts validated as. rejected were not incorporated 
into the evaluation. Overall, 50% of duplicate sample results were within the specified RPD range. At 
least 85% of all quality control samples are required to comply with the established precision, or RPD 
goals. 





(v 

O 
(v 

Y- 



4.2 ACCURACY 

P~-239/240 

Am-24 7 

U -2 3 3/2 34 

U-235 

In general, accuracy of the radiochemical analyses, for all subsets of samples evaluated, was 
satisfactory based on: 

i, j GRRASP Part B 0.03 0.03 - <0.02 
Alpha Spec 

Alpha Spec 

Alpha Spec 

Aloha SDec 

j, k GRRASP Part 6 0.02 0.02 - <0.014 

a, c, d, g, h GRRASP Part B 0.3 0.3 - <0.060 

a, c, d, g, h GRRASP Part B 0.3 0.3 - <0.053 

The percentage of sample results validated; 
The percentage of validated sample results that were acceptable (not rejected); 
Consistency and magnitude of detections limits as compared with RFCA Tier I Action Levels 
(reporting limits were typically 3 to 4 orders of magnitude less than action levels); and 
relatively low to nondetected values of radionuclides in field blank samples (specifically field 
rinsates) associated with the real environmental samples, indicating insignificant bias of real 
samples toward false positive results. 

Reporting limits for radionuclides in water samples (per GRRASP specifications {DOE/EG&G Rocky 
Flats, 1994)) range from 0.01 pCi/L (Pu, Am) to 0.6 pCi/L (U), and were only used qualitatively to 
compare with soil samples, which are measured in different units (pCi/g). 

4.2.1 OU-1 PHASE I l l  RFI/RI DATA 

Analytical methods performed on samples were performed utilizing alpha spectroscopy methods as 
outlined in the General Radiochemistry and Routine Analytical Services Protocol (GRRASP, DOE/EG&G 
Rocky Flats, 1994). Methods proposed in OU1 TM5 included EPA analytical methods and additional 
published methods. The reason for the revision in analytical program is not documentedh the OU1 
Phase Ill RFI/RI Report. However, the proposed method detection limits and GRRASP (ibid.) detection 
limits are identical. Results tabulated below indicate that actual detection limits were well within 
contractual specifications given to the labs, as well as significantly less than RFCA action levels. 

OU1 Phase 111 RFllRl - Soil Sampling Program 
Detection Limits 

I <0.050 
0.3 I - 

GRRASP Part B I Alphaspec 1 U-238 I 
a. 

c. 

Harley, J.H., ed., 1975. HASL Procedures Manual, HASL-300: Washington, DC, U.S. Energy Research and 
Development Administration. 
U.S. EPA, 1976. Interim Radiochemical Methodology for Drinking Water, Report No. EPA-600/4-75-008. 



d. 

g. 

h. 

1. 

j. 

k. 

Arn-24 1 

U-2331234 

U.S. EPA, 1979. Radiochemical Analytical Procedures for Analysis of Environmental Samples, Report No. 
EMSL-LY-0539-1, Las Vegas, NV. U.S. Environmental Protection Agency. Cincinnati, OH. U.S. 
Environmental Protection Agency. 
“Methods for Determination of Radioactive Substance in Water and Fluvial Sediment”, U.S.G.S. Book A5, 
1977. 
U.S. EPA, 1979. Acid Dissolution Method for the Analysis of Plutonium-Plutonium-239/240 in Soils. EPA- 
600/7-79-081. U.S. EPA Environmental Monitoring and Support Laboratory, Las Vegas, NV. 
Essington, E.H., Drennon, B.J., Private Conversation. Procedures for the Isolation of Alpha 
Spectrometrically Pure Plutonium-Plutonium-239/240, Uranium, and Americium. Los Alamos National 
Laboratories. 
Rocky Flats Plant. Health, Safety, and Environmental Laboratories. Isolation of Plutonium-239/240 from 
Urine Samples. 
U.S. EPA. EPA-570/9-8 1-002, Radioactivity in Drinking Water. 

Alpha Spec 

Alpha Spec 

AlDha SDec 

i ,  1, P, qr s GRRASP Part B 0.01 0.02 - <0.287 

f, h, i, I ,  m, n, s GRRASP Part B 0.06 0.3 - <0.077 

Blank samples associated with the real samples must also be evaluated to determine if accuracy was 
affected (biased toward false positives) by cross-contamination during sampling or shipment; 
specifically, rinsate samples were used for this purpose. Although magnitudes of radioactivity can only 
be compared indirectly between the rinsate results and the real (soil) sample results -- due to different 
matrix types -- results indicate only very low levels of activity (<0.2pCi/L), well within the overall precision 
of the soil sample measurements. Therefore, no significant cross-contamination is evident, from 
decontamination procedures or otherwise, which would bias the real sample results toward false positive 
values. Results of rinsates, sorted from highest to lowest values, are given in Table 4-5. 

U-235 

U-238 

4.2.2 OU-2 PHASE II RFI/RI DATA 

f, h, i, I, rn, n, s GRRASP Part B 0.06 0.3 - <0.300 

f, h, i, I, m, n, s GRRASP Part B 0.06 0.3 - ~0.300 
Alpha Spec 

Abha Soec 

The OU2 QAA identified EPA and other published laboratory methods for the determination of 
radionuclides in surface soil samples. The samples were analyzed utilizing alpha spectroscopy 
according to the General Radiochemistry and Routine Analytical Services Protocol (GRRASP, 1991) . 
The GRRASP method has identical detection limits (0.03 pCi/g) for plutonium-239/240 and a slightly 
higher detection limit (0.02 pCi/g) for americium-241. GRRASP detection limits for uranium isotopes are 
one order of magnitude higher (0.3 pCi/g) than proposed (0.06 pCi/g) but are acceptable for the 
determination of spatial extent of contamination at the RFETS. Results tabulated below indicate that 
detection limits are at or below those required in the GRRASP, with the exception of plutonium and 
americium; however, exceedances of this magnitude are insignificant relative to RFCA cleanup levels. 

OU2 Phase II RFI/RI - CDH Sampling Method 
Detection Limits 
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U.S. EPA, 1979. Radiochemical Analytical Procedures for Analysis of Environmental Samples, 
Report No. EMSL-LY-0539-1, Las Vegas, NV. U.S. Environmental Protection Agency. 
U.S. EPA, 1976. Interim Radiochemical Methodology for Drinking Water, Report No. EPA-600/4-75- 
008. Cincinnati, OH. U.S. Environmental Protection Agency. 
Harley, J.H., ed., 1975. ASL Procedures Manual, HASL-300: Washington, DC, U.S. Energy 
Research and Development Administration. 
U.S. EPA, August 1980. Prescribed Procedures for Measurement of Radioactivity in Drinking Water. 
Environmental Monitoring and Support Laboratory. Office of Research and Development. 
U.S. Geological Survey, 1977. Book 5. Methods for Determination of Radioactive Substances in 
Water and Fluvial Sediments. 
US.  EPA, 1979. Acid Dissolution Method for the Analysis of Plutonium-Plutonium-239/240 in Soils. 
EPA-600/7-79-081. U.S. EPA Environmental Monitoring and Support Laboratory, Las Vegas, NV. 
Essington, E.H., Drennon, B.J., Private Conversation. Procedures for the Isolation of Alpha 
Spectrometrically Pure Plutonium-Plutonium-2391240, Uranium, and Americium. Los Alarnos 
National Laboratories. 

Rocky Flats Plant. Health, Safety, and Environmental Laboratories. Isolation of Plutonium- 
Plutonium-239/240 from Urine Samples. 
U.S. EPA. EPA-57019-81-002, Radioactivity in Drinking Water. 
U.S. EPA, 1987. EPA-520/5-84-006. Eastern Environmental Radiation Facility Radiochemistry 
Procedures Manual . 

The OU2 QAA states that equipment rinsate blanks are considered acceptable if the concentration of the 
analytes of interest is less than three times the required detection limit for the analyte. However, this 
strategy is not consistent with the Risk Assessment Guidance for Superfund (RAGS, 1989). RAGS 
states that if the contaminant is not a common laboratory contaminant then “considersite sample results 
as positive only i f  the concentrafion of the chemical in the site sample exceeds five times the maximum 
amount detected in any blank.”. Rinsate samples were evaluated according to the RAGS guidance for 
this effort. 

Analytical methods performed on samples collected utilizing the CDH method were performed utilizing 
alpha spectroscopy methods as outlined in the General Radiochemistry and Routine Analytical Services 
Protocol (GRRASP). Methods proposed in the OU2 QAA included EPA analytical methods and 
additional published methods. The reason for the revision in analytical program is not documented in the 
OU2 Phase II RFVRI Report. Based on validation percentages and reporting limits, the various 
radiochemistry methods are comparable. 

Blank samples associated with the real samples were also evaluated to determine if accuracy was 
affected (biased toward false positives) by cross-contamination during sampling or shipment; 
specifically, rinsate samples were used for this purpose. Although magnitudes of radioactivity can only 
be compared indirectly between the rinsate results and the real (soil) sample results -- due to different 
matrix types -- rinsate results indicate only very low levels of activity (<0.14pCUL), well within the overall 
precision of the soil sample measurements. Therefore, no significant cross-contamination is evident, 
from decontamination procedures or otherwise, which would bias the real sample results toward false 
positive values. Results of rinsates, sorted from highest to lowest values, are given in Table 4-6. 

Although not specified in the OU2 Work Plan the surface soils collected by the RFP method in support of 
the Phase I I  RFllRl are required to follow the protocols identified in the OU2 QAA. 

Sample analyses was performed according to the GRRASP. The GRRASP detection limits for Pu and 
Am-241 are similar to the detection limits proposed in the OU2 Work Plan and considered acceptable 
analytical methods. Results tabulated below indicate that detection limits exceed those required in the 
GRRASP; however, exceedances of this magnitude are insignificant relative to RFCA cleanup levels (2 





orders of magnitude less than Tier I action levels) 

P~-239/240 

Am-24 1 

u-2331234 

U-235 

OU2 Phase I I  RFI/RI - RFP Sampling Method 
Detection Limils 

i, 1, 0,  P, s GRRASP Part B 0.03 0.03 - <2.000 
Alpha Spec 

Alpha Spec 

Alpha Spec 

i, 4 P, q> s GRRASP Part B 0.01 0.02 - <3.000 

f, 11, i ,  I ,  m, n, s GRRASP Part B 0.06 0.3 - <I360 

f, 11, i, I,  m, n, s GRRASP Part B 0.06 0.3 - <0.945 

<5.7290 
Alpha Spec 

Alpha Spec 
Am-24 1 i, I, p, q, s GRRASP Part B, 0 01 

U-238 

Blank samples associated with the real samples must also be evaluated to determine if accuracy was 
affected (biased toward false positives) by cross-contamination during sampling or shipment; specifically, 
rinsate samples were used for this purpose. Although magnitudes of radioactivity can only be compared 
indirectly between the rinsate results and the real (soil) sample results -- due to different matrix types -- 
rinsate results indicate only very low levels of activity (<0.12pC:i/L), well within the overall precision of the 
soil sample measurements. Therefore, no significant cross-contamination is evident, from 
decontamination procedures or otherwise, which would bias the real sample results toward false positive 
values. Results of rinsates, sorted from highest to lowest values, are given in Table 4-7. 

Alpha Spec 
f, h, i, 1, in, n, s GRRASP Part B 0.06 0.3 - <1.320 

4.2.3 SOIL PROFILE DATA 

Analytical methods performed on samples collected utilizing under the trench program were performed 
utilizing alpha spectroscopy methods as outlined in the General Radiochemistry and Routine Analytical 
Services Protocol (GRRASP). Methods proposed in the OU2 QAA included EPA analytical methods and 
additional published methods. The reason for the revision in analytical program is not documented in the 
OU2 Phase I I  RFI/RI Report. Results tabulated below indicate that detection limits exceed those required 
in the GRRASP; however, exceedances of this magnitude are insignificant relative to RFCA cleanup 
levels (2 orders of magnitude less than Tier I actbn levels). 

OU2 Phase I I  RFURI - Soil Profile Sampling Program 
Detection Limits 

Alpha Spec I I I 



Table 4-7. 

SURFICAL SOILS 
RINSATE RESULTS 

RFP-METHOD (OU-2) 

lPTOl1 IRNS (SS00774STU2 114-OCT-91 IPlutoniuin 2391240 I Om401PCI/LVp 
PTOll RNS 
PT019 RNS 
PT019 RNS 
PT020 RNS 
PT020 RNS 
PT020 RNS 
PT083 RNS 
PT083 RNS 
PT086 RNS 
PT086 RNS 
PT089 RNS 
PT089 RNS 
PT104 RNS 
PT104 RNS 
PT122 RNS 
PT122 RNS 

SS00774STU2 14-OCT-91 AM-241 
SS00808STU2 27-NOV-91 Plutonium 2391240 
SS00808STU2 27-NOV-91 Americium 241 
SS00803STU2 27-NOV-91 Plutonium 2391240 
SS00803STU2 27-NOV-91 Americium 241 
SS00803STU2 27-NOV-91 Americium 241 
SS00762STU2 11 -0CT-91 Plutonium 239/240 
SS00762STU2 11-OCT-91 AM-241 
SS00738STU2 08-OCT-91 PU-239,240 
SS00738STU2 08-OCT-91 AM-241 
SSOl141 ST 11-NOV-92 PU239/40 
SSOl141ST 11-NOV-92 AM-241 
SSOl136ST 11-NOV-92 Am-241 
SSOl136ST 1 1 -NOV-92 PU-2391410 
SS00750STU2 10-OCT-91 AM-241 
SS00750STU2 10-OCT-91 PU-239,240 

0.0030 PCVL A 
0.1200 PCIIL A 
0.0430 PCI/L V 
0.0650 P W L  A 
0.0120 PCI/L v 
0.0090 PCI/L v 
0.0010 PCI/L v 

-0.0020 PCVL A 
0.0420 PCI/L V 
0.0190 PCVL v 
0.0033 PCVL A 
0.0027 PCVL A 
0.0024 PCI/L A 
0.0000 PCllL A 
0.0050 PCI/L V 
0.0020 PCI/L v 

7/3 1 I97 



f U.S. EPA, 1979. Radiochemical Analytical Procedures for Analysis of Environmental Samples, Report No. 
EMSL-LY-0539- 1, Las Vegas, NV. U.S. Environmental Protection Agency. 

h U.S. EPA, 1976. Interim Radiochemical Methodology for Drinking Water, Report No. EPA-600/4-75-008. 
Cincinnati, OH. U.S. Environmental Protection Agency. 

i Harley, J.H., ed., 1975. ASL Procedures Manual, HASL-300: Washington, DC, U.S. Energy Research and 
Development Administration. 

1 U.S. EPA, August 1980. Prescribed Procedures for Measurement of Radioactivity in Drinking Water. 
Environmental Monitoring and Support Laboratory. Office of Research and Development. 

m U.S. Geological Survey, 1977. Book 5. Methods for Determination of Radioactive Substances in Water and 
Fluvial Sediments. 

n U.S. EPA, 1979. Acid Dissolution Method for the Analysis of P,lutonium-Plutonium-239/240 in Soils. EPA- 
600/7-79-081. U.S. EPA Environmental Monitoring and Support Laboratory, Las Vegas, NV. 

o Essington, E.H., Drennon, B.J., Private Conversation. Procedures for the Isolation of Alpha Spectrometrically 
Pure Plutonium-Plutonium-239/240, Uranium, and Americium. Los Alamos National Laboratories. 

p Rocky Flats Plant. Health, Safety, and Environmental Laboratories. Isolation of Plutonium-Plutonium-239/240 
from Urine Samples. 

q U.S. EPA. EPA-570/9-8 1-002, Radioactivity in Drinking Water. 
s U.S. EPA, 1987. EPA-520/5-84-006. Eastern Environmental Radiation Facility Radiochemistry Procedures 

Manual. 

Blank samples associated with the real samples must also be evaluated to determine if accuracy 
was affected (biased toward false positives) by cross-contamination during sampling or shipment; 
specifically, rinsate samples were used for this purpose. Although magnitudes of radioactivity can 
only be compared indirectly between the rinsate results and the real (soil) sample results -- due to 
different matrix types -- results indicate only very low levels of activity (<IpCi/L), well within the 
overall precision of the soil sample measurements. Therefore, no significant cross-contamination 
is evident, from decontamination procedures or otherwise, which would bias the real sample 
results toward false positive values. Results of rinsates, sorted from highest to lowest values, are 
given in Table 4-8. 

4.3 COMPLETENESS 

Completeness relative to previous work plan specifications was adequate. Completeness relative 
to the prospective OU-2 surficial soil remediation is indeterminate with this evaluation, and can 
only be determined when the "historical" data reviewed heirein are compared with specific 
remediation objectives. 

4.3.1 OU-I PHASE Ill RFI/RI DATA 

The data was downloaded from the RFEDS and was determined to be 72 percent validated prior 
to evaluating for usability according to this procedure. 

4.3.1.1 REAL SAMPLES 

A total of 34 surface soil samples were collected at 28 of the proposed 28 plots. The 
radiochemical analyses include gross alpha, gross beta, plutonium-239/240, americium-241, 
uranium-233/234, uranium-235, uranium-238, radium-226, and radium 228. As previously stated 
only results from the analysis of plutonium-239/240, americium-241, uranium-233/234, uranium- 
235, and uranium-238 will be evaluated. 



Table 4-8. 
TRENCH/PIT 

SURFlClAL SOILS; 
RINSATE RESULTS 

TR00382WCU2 
TR00033WCU2 
TR00033WCU2 
TR00334WCU2 
TR00063 WCU2 
TR00368WCU2 
TR00357WCU2 
TR00382WCU2 
TR00357WCU2 
TR00368WCU2 
TR00392WCU2 
TR00405WCU2 
TR00063WCU2 

TR00268 WCU2 
TR00368WCU2 
TR00334WCU2 
TR00392WCU2 
TR00217WCU2 
TR00063WCU2 
TR00368WCU2 
TR00165WCU2 
TR00033WCU2 
TR00357WCU2 
TROOl49WCU2 
TROOI 49WCU2 
TROOl82WCU2 
TR00382WCU2 
TR00165WCU2 
TR00033WCU2 
TR00234WCU2 
TR00301 WCU2 
TR00405WCU2 
TR00334WCU2 
TR00063WCU2 
TR00165WCU2 
TR00165WCU2 
TR00368 WCU2 
TR00285WCU2 
TR00217WCU2 

~ ~ 0 0 3 1  7 w c u 2  

27- J U L-92 
20-AUG-91 
20-AUG-91 
10-OCT-91 
22-AUG-91 
13-JUL-92 
08-JUN-92 
27-JUL-92 
08-JUN-92 
13-JUL-92 
29-JU L-92 
10-AUG-92 
22-AUG-91 
09-OCT-91 
25-SEP-91 
13-JUL-92 
10-OCT-91 
29- J U L-92 
19-SEP-91 
22-AUG-91 
13-JUL-92 
05-SEP-91 
20-AUG-91 
08-JUN-92 
04-SEP-91 
04-SEP-91 
12-SEP-91 
27-JUL-92 
05-SEP-91 
20-AUG-91 
23-SEP-91 
08-OCT-91 
10-AUG-92 
10-OCT-91 
22-AUG-91 
05-S EP-9 1 
05-SEP-91 
13-JUL-92 
26-SEP-91 
19-SEP-91 

U-238DA 
PU239/40 
AM241 
PU239/40 
PU2391240 
U-233,-234 
U-235 
U-235 
U-238DA 
U-238DA 
U-233,-234 
PU239/40 
AM241 
U-233,-234 
U-233 ,,-234 
PU239140 
AM-24 1 
U-238C)A 
U-238UA 
U-233;-234 
U-235 
U238 
U-233 ;-234 
U-233;-234 
U-233;-234 
U-238C)A 
U-233,-234 
PU239,'40 
Americium 2 
U-238 
U-233 ,-234 
PU239,140 
AM-24'1 
U-238C)A 
U238 

Plutonium 2 

PU239,140 

U-233,-234 

AM-24'1 

U-233.-234 

0.9200 PCVL 
0.8600 PCI/L 
0.6800 PCI/L 
0.6400 PCI/L 
0.6087 PCI/L 
0.5300 PCVL 
0.4500 P W L  
0.3300 PCI/L 
0.3090 PCI/L 
0.2330 PCVL 
0.2123 PCI/L 
0.1912 PCI/L 
0.1900 PCVL 
0.1700 PCI/L 
0.1679 PCI/L 
0.1475 PCI/L 
0.1400 PCI/L 
0.1382 PCI/L 
0.1207 PCI/L 
0.1135 PCVL 
0.1 100 PCI/L 
0.0966 PCI/L 
0.0952 PCI/L 
0.0900 PCI/L 
0.0750 PCI/L 
0.0732 PCI/L 
0.0732 PCI/L 
0.0699 PCI/L 
0.0520 PCI/L 
0.0514 PCI/L 
0.0500 PCI/L 
0.0477 PCI/L 
0.0459 PCI/L 
0.0440 PCVL 
0.0406 PCVL 
0.0400 PCI/L 
0.0381 PCVL 
0.0242 PCI/L 
0.0220 PCI/L 
0.0208 PCUL 
0.0206 PCI/L 

A 
JA 

v 

A 
A 
A 
JA 
JA 
A 
A 

W 
A 
A 
v 
JA 
A 

A 

A 
A 
A 
A 
A 

A 
A 
A 
v 

A 
A 
A 
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Table 4-8. 
TRENCH/PIT 

SURF IC I AL SO I LS 
RINSATE RESULTS 

T R O ~  RNS 

~ ~ 2 5  RNS 

~ ~ 2 6  RNS 
T R O ~  RNS 
T R O ~  RNS 
r ~ o 7  RNS 

TRM RNS 
T R O ~  RNS 

T R O ~  RNS 

T R O ~  RNS 

T R ~  RNS 
~ ~ 2 5  RNS 
T R I ~  RNS 
r ~ 2 4  RNS 
r ~ 2 5  RNS 

TRX RNS 
TRZ RNS 
T R O ~  RNS 
T R O ~  RNS 
T R O ~  RNS 
r ~ o 7  RNS 
T R O ~  RNS 

TR19 RNS 
TRIO RNS 

TR09 RNS 

TRIO RNS 

TR12 RNS 

TRll RNS 

TR19 RNS 

FRO1 RNS 
rR19 RNS 

TR09 RNS 
TR09 RNS 
TRIO RNS 
TR12 RNS 
TRM RNS 

TR00392WCU2 
TROOI 49WCU2 
TROOI 82WCU2 
TR00234WCU2 
TR00301 WCU2 
TR00217WCU2 
TR00392WCU2 
TR00423 WCU2 
TR00317WCU2 
TROOI 82WCU2 
TR00250WCU2 
TR00423WCU2 
TR00268 WCU2 
TR00382WCU2 
TR00285WCU2 
TR00317WCU2 
TROOl49WCU2 
TROOI 98WCU2 
TR00234WCU2 
TR00250WCU2 
TROOI 98WCU2 
TR00234WCU2 
TR00357WCU2 
TR00149WCU2 
TR00217WCU2 
TR00217WCU2 
TR00392WCU2 
TR00423WCU2 
TR00317WCU2 
TR00317WCU2 
TR00334WCU2 
TR00301 WCU2 
TR00301 WCU2 
TROOI 82WCU2 
TR00268WCU2 
TR00250WCU2 

25-SEPi97 
29- JUL-92 
04-SEP-91 
12-SEP-91 
23-SEP-91 
08-OCT-91 
19-SEP-91 
29-JUL-92 
25-AUG-92 
09-OCT-91 
12-SEP-91 
24-SEP-91 
25-AUG-92 
25-SEP-91 
27-JUL-92 
26-SEP-91 
09-OCT-91 
04-SEP-91 
17-SEP-91 
23-SEP-91 
24-SEP-91 
17-SEP-91 
23-SEP-91 
08-JUH-92 
04-SEP-91 
19-SEP-91 
19-SEP-91 
29-JUL-92 
25-AUG-92 
09-OCT-91 
09-OCT-91 
10-OCT-91 
08-OCT-91 
08-OCT-91 
12-SEP-91 
25-SEP-91 
24-SEP-91 

PU23W40 
U-235 
AM-24.1 
U-2381DA 
AM-24.1 
U-235 
AM-24 1 
AM-24 1 
PU239/40 
P U239/40 

P U23 9/40 
AM-24 1 

AM-24 1 
AM-24 1 
AM-24 1 
AM-24 1 
AM-24 1 
AM-24 1 
PU239/40 
PU239/40 
P U23w40 
AM-241 
P u239/40 
PU239140 
AM-241 
P u239/40 
U-235 
U-235 
U-235 
U-238DA 
U-233,-234 
U-235 
U-23 8 I3 A 
U-235 
U-238DA 
U-235 -- 

0.0180 PCIIL 
0.0122 PCI/L 
0.0119 PCVL 
0.0119 PCI/L 
0.0104 PCI/L 
0.0103 PCI/L 
0.0089 PCVL 
0.0079 PCI/L 
0.0077 PCI/L 
0.0070 PCI/L 
0.0067 PCVL 
0.0065 PCVL 
0.0061 P W L  
0.0059 PCI/L 
0.0053 PCVL 
0.0037 PCI/L 
0.0036 PCI/L 
0.0034 PCVL 
0.0033 PCI/L 
0.0028 PCVL 
0.0018 PCI/L 
0.0015 PCI/L 
0.0013 PCI/L 
0.0013 PCVL 
0.0013 PCI/L 
0.0010 PCI/L 
0.0000 PCVL 
0.0000 PCI/L 
0.0000 PCI/L 
0.0000 PCVL 
0.0000 PCI/L 
0.0000 PCI/L 
0.0000 PCI/L 
0.0000 PCI/L 
0.0000 PCI/L 
0.0000 PCVL 

A 
A 
A 
A 
A 
A 
A 
A 
A 
v 
A 
A 
A 
A 
A 
A 
v 
A 
A 
v 
A 
v 
A 
A 
v 
A 
v 
A 
A 
v 
v 
v 
A 
A 
A 
A 
A 
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Results for 34 “real” samples were downloaded Rom RFECIS for plutonium-239/240, indicating 
that 6 sites were sample twice. No samples exceeded the detection limit of 0.03 pCi/g. No 
plutonium-239/240 sample results were validated as rejected results. A plutonium-239/240 value 
was determined acceptable for each sample collected at all 28 plots (100%). The lower plutonium 
value for the plots with two results should be excluded for the usable data set. 

Results for 34 “real” samples for americium-241 were provided from RFEDS, indicating that 6 plots 
were sampled twice. No samples exceed the detection limit of 0.02 pCi/g for americium. Six 
sample results were validated as rejected results. Acceptalble results for americium-241 are 
available for 24 of the 28 plots sampled (86%). The rejected results and lower americium value for 
the plots with two results should be excluded for the usable data set. 

Results for 34 “real” samples for uranium-233/234, uranium-235, and uranium-238 were provided 
from RFEDS, indicating that 6 plots were sampled twice. No samples exceeded the detection limit 
of 0.3 pCi/g. No sample results were validated as rejected. Therefore, acceptable results for 
uranium isotopes are available for 28 of the 28 plots sampled (1 00%). The lower uranium value 
for the plots with two results should be excluded for the usable data set. 

TM5 proposed the collection of surface soil samples at 28 plots for radiochemical analyses to 
include plutonium-239/240, americium-241, uranium-233/2:34, -235, and -238 for a total of 140 
sample results. Validated data was provided for a total of 136 samples for 97% completion. TM5 
states that the target completeness objective for both field and analytical data for this project are 
90%. 

4.3.1.2 QC SAMPLES 

Overall, 95% of the required QA/QC analyses provided acceptable results. 

A total of 4 duplicates were collected and analyzed for plutonium-239/240, americium 24, and 
uranium isotopes in support of the sampling program. These samples met the frequency 
requirements of 1 in 20 as required by the QA/QC section of TM5. Of the samples analyzed for 
plutonium-239/240, no analyses exceeded the detection limit of 0.03 pCi/g and no plutonium- 
239/240 sample results were validated as rejected. The samples were analyzed for americium, 
no analyses exceed the detection limit of 0.02 pCi/g. However, three samples were validated as 
rejected. These samples were not utilized in the calculation of the RPD. 

Four (4) duplicate samples were submitted to the laboratories for the analysis of uranium 
isotopes, this frequency meets the requirements of the QAA. However, one of the sample results 
were validated as rejected for all uranium isotopes analyzed. Overall with 24 plots being sampled, 
the QAA requires the collection of 2 duplicate samples for a total of 10 analyses (Pu, Am, U- 
isotopes). Thirteen results were acceptable for a + I  00% completion percentage. 

With 28 plots being sampled, the QAA requires the collection of 2 duplicate samples for a total of 
10 analyses. Fifteen results were acceptable for + I  00% completion percentage. 

A total of 2 rinsate samples were required to be collected and analyzed for a total of 10 analyses. 
One americium result was validated as rejected. Nine results were considered acceptable for this 

sampling program. Therefore, a total of 290% of the required rinsate data was completed. 



4.3.2 OU-2 PHASE I I  RFI/RI SURFACE SOIL DATF! 

4.3.2.1 CDH Samplinq Method 

The data was downloaded from the RFEDS and was determined to be 98.7 percent validated 
prior to evaluating for usability according to this procedure. Seventy-five results were validated as 
rejected and were excluded as usable data. 

. 

4.3.2.1.1 Real Samples 

The OU2 Work Plan proposed the collection of surface soil samples at 124 plots for radiochemical 
analyses to include plutonium-2391240, americium-241, ur,anium-233/234, -235, and -238 for a 
total of 620 sample results. Validated data was provided for a total of 585 samples for 94% 
completion overall. The OU2 QAA states that the target completeness objective for both field and 
analytical data for this project are 90%. 

A total of 1 18 surface soil samples were collected at 11 8 of the proposed 124 plots for 
radiochemical analyses to include plutonium-239/240, americium-241, uranium-233/234, -235, 
and -238. 

Results for 140 “real” samples were downloaded from RFEDS for plutonium-239/240, indicating 
that 22 samples were reanalyzed. Twelve samples exceeded the detection limit of 0.03 pCi/g. 
However all results of these samples were above the detection limit and are consider acceptable 
for the determination of spatial extent of contamination. Eleven plutonium-239/240 sample results 
were validated as rejected results, however, these samples were reanalyzed and results were 
validated. A plutonium-239/240 value was determined acceptable for each sample collected at all 
1 18 plots (100% complete). 

Results for 140 “real” samples for americium-24lwere provided from RFEDS, indicating that 22 
samples were reanalyzed. Fifteen (1 5) samples exceed the detection limit of 0.02 pCi/g for 
americium. These sample results were above the detection limits and are considered acceptable. 
Twelve sample results were validated as rejected results, however 11 of the samples were 
reanalyzed and results were validated. Sample SSOOO45WCU2 for Plot PT081 was validated as 
rejected and was not reanalyzed. Therefore, acceptable results for americium-241 are available 
for 11 7 of the 11 8 plots sampled (99% complete). 

Results for 142 “real” samples for uranium-233/234 were provided from RFEDS, indicating that 24 
samples were reanalyzed. One samples exceeded the detection limit of 0.3 pCi/g. The result was 
higher than the detection limit but the result was validated as rejected. A total of 12 uranium- 
233/234 sample results were validated as rejected, however, eleven were reanalyzed and the 
results were acceptable. ‘Sample SSOOO28WCU2 at Plot PT100 was validated as rejected and 
not reanalyzed. Therefore, acceptable results for uranium-233/234 are available for 117 of the 
118 plots sampled (99% complete). 

Results for 144 “real” samples for uranium-235 were provided from RFEDS, indicating that 26 
samples were reanalyzed. Twelve samples exceed the detection limit of 0.3 pCi/g for uranium- 
235, however, eleven of these samples were reanalyzed and the results were acceptable. 
Sample SSOOO28WCU2 at Plot PTlOO was validated as rejected and not reanalyzed. Therefore, 
acceptable results for uranium-235 are available for 117 of the 118 plots sampled (99% 
complete). 

Results for 144 “real” samples for uranium-238 were provided from RFEDS, indicating that 26 



samples were reanalyzed. No samples exceed the detectrion limit of 0.3 pCi/g. One sample 
SSOOO28WCU2 at Plot PTI 00 was validated as rejected and not reanalyzed. Therefore, 
acceptable results for uranium-238 are available for 11 7 of: the 11 8 plots sampled (99% 
complete). 

4.3.2.1.2 QC Samples 

General results for precision compliance are discussed in !Section 4.1, while rinsate compliance is 
discussed in Section 4.2. Overall, 77% of the required QAlQC analyses provided acceptable 
results. 

A total of 7 duplicates were collected and analyzed for pIut1~1nium-239/240 and americium 241 in 
support of the CDH sampling program. These samples met the frequency requirements of 1 in 
20 as required by the QAA. Of the samples analyzed for plutonium-2391240, no samples 
exceeded the detection limit of 0.03 pCi/g. Two plutonium-~239/240 sample results were validated 
as rejected results and reanalyzed at a different laboratory with results being validated. The 7 
samples were also analyzed for americium, no sample results exceed the detection limit of 0.02 
pCi/g. Two sample results were validated as rejected results and reanalyzed with results being 
acceptable ~ 

Six (6) duplicate samples were submitted to the laboratories for the analysis of uranium isotopes, 
this frequency meets the requirements of the QAA. However, two of the sample results were 
validated as rejected for all radionuclides analyzed. These two samples were reanalyzed at a 
different laboratory with results being validated. With 118 plots being sampled, the QAA requires 
the collection of 6 duplicate samples for a total of 30 analyses. Twenty-six results were 
acceptable for a 86% completion percentage. 

With 11 8 plots being sampled, the QAA requires the collection of 6 duplicate samples for a total of 
30 analyses. Twenty-six results were acceptable for a 86% completion percentage. 

A total of 7 rinsates were collected and analyzed for plutoniium-239/240 and americium 241 in 
support of the CDH sampling program. These samples met the frequency requirements of 1 in 
20 for rinsate samples as required by the QAA. Of the samples analyzed for plutonium-239/240, 
no samples exceeded the detection limit of 0.03 pCi/g or were rejected. Samples analyzed for 
americium-241 did not exceed the detection limit of 0.02 pC:i/g or were rejected. 

Only 2 rinsates samples were analyzed for uranium-233/23,4, -235, and -238. This frequency did 
not meet the requirements of 1 in 20 for rinsate samples in the QAA. Two analyses for each 
uranium-isotope was performed All analytical results for the isotopes were validated as rejected 
for the first analyses. The samples were reanalyzed with results being validated. 

Of the 1 18 plots proposed for sampling 6 rinsate samples are required to be collected. Of the 6 
samples determination of plutonium-239/240, americium 2411, uranium-2331234, -235, and -238 
were to be performed for a total of thirty analyses. Analytical results for rinsate samples were 
acceptable for 18 samples for a completion of 60 percent. 

4.3.2.2 RFP Samplinq Method 

Data downloaded from the RFEDS were determined to be 80 percent validated prior to evaluating 
for usability according to this procedure. The Phase I I  RFI/RI Report states that 118 plots were 
sampled and analyzed; RFEDS provided data for only 106 plots. Uranium isotopes were not 
analyzed for samples collected utilizing the RFP sampling method. 



4.3.2.2.1 Real Samples 

The OU2 RFVRI does not state the decision driving the investigation. Based on the subsequent 
documentation the data was generated to compare RFP sampling technique with the CDH 
sampling technique. Using these assumptions 103 plots provided plutonium-239/240 results 
which are usable out of 1 18 plots proposed for sampling in support of this program. Sample 
results validated as rejected have been excluded. This represents 87% of the plots proposed for 
sampling (1 18) provided useful data for the sampling comparison study. 
A total of 236 samples were analyzed for this sampling pralgram. Thirty-three results were 
validated as rejected and are not usable. Therefore, a total of 89% of the data is considered 
usable. Overall, 83% of the RFP sampling method data proposed to be collected for the 
comparability study were validated. The OU2 QAA states that the target completeness objective 
for both field and analytical data for this project are 90%. 

Plutonium-239/240 data was available from 106 plots, Plot 28 was resampled, therefore, 107 
samples were provided to the laboratory for analysis. A total of 114 plutonium-241 analyses were 
performed on these samples. Seven samples were reanalyzed. Analyses of 32 plutonium- 
239/240 samples exceeded the detection limit of 0.03 pCi/g. However, all results of these 
samples were above the detection limit and are considered usable for the determination of spatial 
extent of contamination, with the exception of 4 which were validated as rejected. Four plutonium- 
239/240 sample results, previously mentioned, were validated as rejected results. Data from 103 
plots were determined to be validated of the 107 plots in which data was evaluated. However 118 
plots were to be evaluated therefore, 87% of proposed plots generated americium-241 data which 
was validated. 

Americium data was available from 106 plots, Plot 28 was resampled, therefore 107 samples 
were provided to the laboratory for analysis. A total of 174 americium-241 analyses were 
performed on these samples. It appears that 72 samples were reanalyzed. Thirty-two samples 
exceed the detection limit of 0.02 pCi/g for americium. Fourteen of these sample results were 
above the detection limits and are considered usable. Twenty-nine sample results were validated 
as rejected results. Results for 135 analyses were validated from 92 plots. Numerous plots had 
multiple americium-241 "real" results because of sample reanalysis or two separate laboratories 
performing analyses on the same sample. The lower result value was excluded from the 
database leaving one (the highest) americium-241 value far each plot. Ninety-two plots have 
americium-241 results of the 107 plots in which data was evaluated. With an original objective of 
1 18 plots, 78% of proposed plots generated usable americium-241 data. 

4.3.2.2.2 QC Samples 

A total of 11 duplicates were collected and analyzed for pl~itonium-239/240 and americium 241 in 
support of the RFP sampling program. These samples met the frequency requirements of 1 in 20 
as required by the QAA. Of the samples analyzed for plutonium-239/240, two samples exceeded 
the detection limit of 0.03 pCi/g. Two samples exceeded the detection limit of 0.02 pCi/g for 
americium. No results were validated as rejected, therefore, a total of 100% of the duplicate 
sample result data is considered usable. 

A total of 8 rinsates were collected and analyzed for plutonium-239/240 and americium 241 in 
support of the RFP sampling program's 11 8 locations. These samples met the frequency 
requirements of 1 in 20 for rinsate samples as required by the QAA. Of the samples analyzed for 
plutonium-239/240, no samples exceeded the detection limit of 0.03 pCi/g or were rejected. 
Samples were collected and analyzed for americium-241, no samples exceeded the detection 

I 



limit of 0.02 pCi/g or were rejected. 

Of the 11 8 plots proposed for sampling 6 rinsate samples are required to be collected. Of the 6 
samples plutonium-239/240 and americium 241 were planned for a total of twelve analyses. 
Analytical results for rinsate samples were acceptable for '16 analyses for a completion of 100 
percent. 

4.3.3 SOIL PROFILE DATA 

Data were determined to be 97 percent validated. The Phase I I  RFVRI Report states that 26 plots 
were sampled and analyzed, RFEDS provided data for only 25 plots. Samples from Trench 6 
exceeded limitations for transporting to an offsite lab and therefore were not evaluated. 

4.3.3.1 Real Samples 

Overall, 921 sample results provided acceptable data out of 1,300 proposed (5 analyses x 260 
samples) analyses for a 71 O h  completion. 

Plutonium-239/240 data was available from 25 trenches with 258 samples. A total of 296 
plutonium-239/240 analyses were performed on these samples. Forty samples were reanalyzed. 
Analyses of 15 plutonium-239/240 samples exceeded the detection limit of 0.03 pCi/g of which 6 
of the sample results were validated as rejected. However, results of the remaining samples were 
above the detection limit and were acceptable. A total of 73 results were validated as rejected. 
Plutonium-239/240 data from 224 samples were determined to be validated at 24 of the 26 
trenches in which data was evaluated. Based on 10 samples proposed at each of the 26 trenches, 
86% (224/260) of the plutonium-239/240 data was validate'd and useable. 

Americium-241 data was available from 25 plots with 257 samples. A total of 301 americium-241 
analyses were performed on these samples. Approximately 44 samples were reanalyzed. Forty- 
two samples exceeded the detection limit of 0.02 pCi/g for (americium and 38 of these were 
rejected, leaving four results above detection limits and corisidered usable. A total of one- 
hundred- nine americium samples results were validated as rejected. Results for 184 analyses 
were validated from 21 trenches. Seventy-one percent (184/260) of the americium data was 
evaluated as acceptable. 

Uranium-233/234 data was available from 25 plots with 258 samples. A total of 268 uranium- 
233/234 analyses were performed on these samples. Approximately 10 samples were 
reanalyzed. Eighteen samples exceeded the detection limit of 0.3 pCi/g of which all these results 
were rejected. A total of ninety uranium-233/234 samples results were validated as rejected. 
Results for 171 analyses were validated from 17 trenches. Sixty-six percent (1711260) of the 
uranium-233/234 data was evaluated as acceptable. 

Uranium-235 data was available from 25 plots with 258 samples. A total of 268 uranium-235 
analyses were performed on these samples. Approximately 10 samples were reanalyzed. Four 
samples exceeded the detection limit of 0.3 pCi/g of which all these results were rejected. A total 
of ninety-five uranium-235 samples results were validated as rejected. Results for 171 analyses 
were validated from 17 trenches. Sixty-six percent (171/260) of the uranium-235 data was 
evaluated as acceptable. 

Uranium-238 data was available from 25 plots with 258 samples. A total of 268 uranium-238 
analyses were performed on these samples. Approximately 10 samples were reanalyzed. 
Thirteen samples exceeded the detection limit of 0.3 pCi/g of which all these results were 



rejected. A total of ninety-seven uranium-238 samples results were validated as rejected. Results 
for 171 analyses were validated from 17 trenches. Sixty-six percent (171/260) of the uranium-238 
data was evaluated as acceptable. 

4.3.3.2 QC Samples 

Based on the number of samples collected (268) to meet tlie one in twenty frequency, fourteen 
samples should have been collected for each analytical method. Five analyses were to be 
performed on each duplicate for a total of 70 analyses. The evaluation indicates that results from 
41 analyses provided acceptable results for 59% (41170) completion factor. 

Ten duplicate samples were collected in support of the trench project. These samples did not met 
the frequency requirements of 1 in 20 as required by the OAA. Eleven analyses were performed 
for plutonium-239/240. Of the samples analyzed for plutonium-239/240, no analyses exceeded 
the detection limit of 0.03 pCi/g. Two plutonium-239/240 ClAlQC sample results were validated as 
rejected results, one sample was reanalyzed and the results were validated. Nine samples 
provided acceptable results. 

Twelve analyses were performed for americium-241, two samples exceeded the detection limit of 
0.02 pCi/g and were validated as rejected. A total of 4 sample results were validated as rejected, 
one sample was reanalyzed with acceptable results. Eight. samples provided acceptable results. 

Eleven analyses were performed for uranium-233/234, no samples exceeded the detection limit of 
0.3 pCi/g. A total of 3 sample results were validated as rejected, one sample was reanalyzed 
with acceptable results. Eight samples provided acceptable results. 

Eleven analyses were performed for uranium-235, one sarnple exceeded the detection limit of 0.3 
pCi/g and was validated as rejected. A total of 3 sample results were validated as rejected. Eight 
samples provided acceptable results. 

Eleven analyses were performed for uranium-238, no samples exceeded the detection limit of 0.3 
pCi/g. A total of 3 sample results were validated as rejected. Eight samples provided acceptable 
results. 

Overall, 75 rinsate analyses provided acceptable results, 14 samples and 70 analyses were 
required to meet the 1 in 20 frequency. Rinsate results were 100% complete. 

A total of 23 rinsates were collected and analyzed for plutonium-239/240, americium 241 and 
uranium isotopes in support of the trench sampling program. These samples met the frequency 
requirements of 1 in 20 for rinsate samples as required by the QAA. Of the samples analyzed for 
plutonium-239/240, four samples exceeded the detection limit of 0.03 pCi/g, of which two were 
validated as rejected. A total of three samples results were validated as rejected. One sample 
result which was not validated had a result lower than the detection limit and was excluded from 
the evaluation. Analyses of nineteen samples provided acceptable results 

Samples were collected and analyzed for americium-241; nine samples exceed the detection limit 
of 0.02 pCi/g of which three were validated as rejected. These were the only sample results 
validated as rejected. Analyses of twenty samples provided acceptable results for americium-241. 

Twenty-three samples were collected and twenty-five analyses were performed for uranium-235. 
Three samples exceeded the detection limit of 0.3 pCi/g of which none were validated as rejected. 
A total of six results were validated as rejected, providing nineteen sample results which were 

acceptable. 



Samples were collected and analyzed were for uranium-238, three samples exceed the detection 
limit of 0.3 pCi/g of which none were validated as rejected. A total of six results were validated as 
rejected, providing seventeen sample results which were acceptable. 

Radionuclides 28 Plots 34 +6 Plots RAOl1, R A O  15, RA03 1, 
RA032, RA033, and RA037 
were sampled twice. 

4.4 REPRESENTATIVENESS 

In general, samples are representative of the media requested in the original work plans, based 
on work plan compliance and compliance with required sampling protocols (i.e., standard 
operating procedures {SOPS}). Adherence to procedures was verified by several QA 
surveillances in the field. 

4.4.1 OU-I PHASE I l l  RFI/RI SURFlClAL SOIL DATA 

Twenty-eighth plots were identified in TM5 for sampling. A total of 34 samples were collected 
from 28 plots for a total of 100% of the locations being sampled. 

Representativeness of OU1 Phase 111 Sampling Results 

4.4.2 OU-2 PHASE I i  RFI/RI DATA 

One hundred-twenty four plots were identified in the OU2 Work Plan for sampling. A total of 118 
plots were sampled utilizing the CDH method for a total of !35% of the locations being sampled. 

RFP samples were collected at each plot a CDH sample was collected for a total of 1 18 samples. 
Only data from 106 plots were obtained from RFEDs. The analytical results from the remaining 
12 plots could not be located in RFEDS. 

Representativeness of CDH Sampliing Method Results 

I Radionuclides I 124 -6 Plots 2, 8, and 9 were not 
sampled because they were in 
areas covered with asphalt. 

Plots 7, 14,27, and 18 were 
not sampled because they are 
located in the PA fence and 
soils are highly disturbed. 



program following 
implementation of field 
program. 

One hundred-eighteen plots were sampled by CDH methods and were to be sampled by RFP 
methods. Data for 106 plots were located and evaluated fior a total of 90% of the plots being 
evaluated. 

Soil samples were collected at each of the 26 trenches. Samples collected from Trench 6 exceed 
DOT shipping restrictions and were not analyzed. 

Representativeness of RFP Sampling Method Results 

RFP samples were collected at all 
locations CDH samples were 
collected. Only results from 106 
plots could be located for this 

The collection of RFP method samples were not included in the OU2 Work Plan. 

4.4.3 SOIL PROFILE DATA 

Representativeness of OU2 Phase I1 Trench Results 

OU2 Phase I1 RFI/RI Report states 
Trench samples were collected at 
all locations. However, Trench 6 
samples exceed DOT shipping 
restrictions and could not be sent 
off site for analyses. 



4.5 COM PARA B I Ll TY 

Based on radiochemical methods used and cited, radiochemical values of the samples between 
the projects are comparable. However, the areal extent that is represented by each sample result 
may not be comparable, and must be evaluated on a location-by-location basis relative to the 
remediation area and "working" soil-volumes of interest. 

5.0 CONCLUSIONS 

Although several DQOs specific to the original work plans were not met with respect to several of 
the PARCC parameters, fundamental quality controls on the radiochemistry data were adequate 
to allow use of the data within the context of their represeritative three-dimensional locations, and 
with respect to current RFCA action levels (Tier I or 11). 

The OU1 Phase I I  surface soil program employed systematic composite sampling techniques at 
the center of a randomly selected 50 x 100 feet plots. This method involved the collection of 10 
grab samples and mixing them together and analyzing a subsample for the composite. A physical 
averaging process took place so that subsamples represent the average concentration of the 
original grab samples. Therefore, the sample results represents some average activity over the 
area sampled. The sample results do not measure variabiility of extreme concentrations (e.g., hot 
spots). 

The CDH sampling method employed systematic composite sampling techniques over entire plots 
sampled on either 2.5 or 10 acre areas. These methods involved the collection of 25 grab 
subsamples and mixing them together and analyzing a pclrtion the composite. A physical 
averaging process took place so that subsamples represeint some average concentration of the 
original grab samples. Therefore, sample results represent some average activity over the 
sampled plot. The sample results do not measure variabiliity of extreme concentrations over the 
subsampled area. 

The RFP sampling method employed systematic composite sampling techniques at the center of 
each plot previously sampled by the CDH sampling methold. This method involved the collection 
of 10 grab samples from two separate square meter areas separated by one square meter. The 
grab subsamples were mixed together and a portion was collected for the composite sample 
finally analyzed. A physical averaging process took place so that a physical average 
concentration of the original grab samples was measured. Therefore, the sample results only 
represent an average activity over the sampled area. 

The OU2 Trench sampling method employed composite sampling techniques at several depths 
within a trench. This method involved the collection of 3 grab samples from the same depth of the 
trench. The grab samples were mixed together and a subsample was collected for the composite. 
A physical averaging process takes place so the subsamples represent the average 
concentration of the original grab samples. Thefore,  the sample results represents an average 
activity over the sampled depth, at the specific trench location. 

Samples were collected at all 26 trench locations and analyses from 25 locations were provided 
by RFEDS. Samples collected from trench 6 were not anatlyzed because sample activity 
exceeded routine DOT shipping requirements. The analyses of samples provided an adequate 
number of acceptable data for 2 90% completion. The data were of sufficient quality to meet 
completion requirements of the OU1 Phase Ill RFI/RI DQOs. 
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from OulIdlng 776 to Ouilding 774 elfminated th i s  
addi tlonal o i  I drum generation. 

During the transfer oporations, i t  was noted that at  
the bottom of  a l l  drums a deposit of  sludge remained 
a f te r  rcmoval of thc oil. 
from 1/2 inch to 3 incfrcs and averaged approximately 
1 inch. 8y drum countcr resu l t s  the sludae within 

This sludge varied in depth 

the cmpcy drums contained a total o f  5,lSZ grams of 
plutonium. These empty drums wcra later disposed o f  
by adding O i l  Dry and tlicroCel to absorb the sludge. 
The drums containing the plutonium sludge and absor- 
bent wero then incased i n  p las t i c ,  placed in boxes, 
and shipped to the hurial grounds. 

The total number of  drums originally in the f i e l d  
numbered 5,237. After transfer of contents, 4 , 8 2 6  
drums were transported to Building 774 of  which 
3,572 contained plutonium contaminated oi 1. 

Taking the total number o f  5,237 drums minus 4,326 
drums, containing 50 gallons cach, which were sent 
to Bui ld ing  774 leaves 411 drums t o  be accounted for. 
T h e  best explanation for  the 411 drums and the volume 
contained within each follows: 

A. All of  the drums sent to the oil 
storage f i c l d  o r i g i na l l y  were not 
cmplete ly  full. 

E. Volume taken up by the sludge which 
was discarded with the empty barrels. 

C. Leakage out o f  the barrels and into .. the ground within the storage area. 

To the host of  everyone's memory and knowledue. a tota 
of approximatcly IO0 barre l s  containing 50 gilions each 
O r  5,000 gallons of  o i l  leaked out of the drums and was 
absorbed into  the soil within the fenced area. 

The average of  a l l  o i l  samples taken from the plutonium 
contaminated o i l  barrels  was approximately 5 x IO-' grams 
of plutonium per l i t e r  of oil. This numbcr i s  backed up 
by the I e t t c r  from H .  E. Maas dstcd September 24, 1963, 
that shows a total of 3,065 grms of plutonium which was 
Jccounced for during thc process of the contaminated o i l .  . 

2000595-0000651 

;: 

I '  

! - 5 0 2  
I .  .: 

I 
I 

~ :. -. . . . ... . . 



3 I .  

4 

- 3 -  

16. 

17. 
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21. 

Thcrc wcrc 594 grams salvaged from filtcrs out of 
. Duilding 103 and accountcd fo r  from organic 1 iquid 
solidification processing in Building 774 were 
Z,lt71 gram5 total in9 3,065 grams. Thcreforc, taking 
the j,572 drums of pluconium which wcre processed at 
50 ga l lons  cach wc gct a total of 178,600 yillon~ 
or 675,108 1 i ters  of  oi 1. Dividc this number 
of 675,108 Iitcrs into 3,065 grams and wc get 
4.54 x grains per liter. 

Using 4.54 x  IO-^ grams pcr liter in conjunction ' 
with the estimated 5,000 gallons of o i l  that rcmains 
under the asphalt we wi 11 jet (5,000 9.21 Ions or  
IC,~OO liters x 4.54 x 10- grams per liter) -c 

85.81 grams o f  plutonium (This is the amount of 
plutonium remaining under the asphalt pad.). 

May 28, 1561, through June 11, 1968, the remaining mpty 
drums and wooden pallets were placed into waste boxes 
and shipped. 

/' 

I n  July, 1968, a survey of the plutonium contamination 
on the surface o f  the soil in the 903 Area was completed. 
The results of the survey and the Health Physics 
recommendation for  containment of the contamination 
were scnt to Oivisian Services, Manufacturing and 
Faci 1 i tics. 

In October, 1968, weeds and vegetation were burned off 
the 903 contaminated barrel storage area preparatory 
to applying an asphalt cap over the area. No airborna 
con tam i na t ion p rob 1 ems wcre encou ntcrcd . 
In November, 1968, grading outsidekhe hot fence area 

.'was started in preparation EO applying an asphalt cap 
ave r  thc a r m .  This work consirtcd of moving slightly 
contaminated soi 1 to thc fenced area. 

2000595-00006583-502 

In  late November, 1966, the six contaminated holding tanks 
outside Building 903 were disconnected and crated for 
shipment to hot waste. 

On Oecember 17, 1968, E. ftathews, USAEC ALO Operarional 
Safety Division, visited Rocky Flats .  
his visit was to discuss the history and corrective 
actions f o r  the 903 Area. Hc also indicated an interest 
in the drurn storage area cast of the nitrite ponds. 

The purpose of 
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On January 15, 1969, the hot fcnce was . .:ed into two 
hot wastc boxcs and shipped. 

On February 15, 1969, throe more wasta boxes wera shipped 
from the 903 Area containing Typo 5 L4SA waste. 

Tho two fork lifts which were highly contaminatcd during 
the o i l  drum rcmoval wcrc placed Into wooden crates and 
shipped to hot wastc on April 1, 1969. 

During May, 1969, a total of 33 drums of contaminatcd 
rocks wore rcmoved from the 903 Area and discarded as 
hot, waste. i 

' In  Hay, 1969, Building 904 was decontaminated and 
rcmoved to a location east of the F i re  Barn to accomodata 
dtybox f 1 arnma b i 1 i ty s tud ics . 
In May. 1969, the road grader used to move contaminated 
soil and rocks outside of the 903 fenced area was decontam- 
inated and rclcascd to surplus. 

In July, 1969, Building 903 was moved to a iocatlon 
immediately east of Building 666. 

On July 2 3 ,  1969, the first course of flll was applied to 
the 903 Area. 

The base course material over lay ,  the so i l  sterilant, and 
the asphalt prime coat f o r  the 903 contamination barr ier  
were completed on September 24, 1969. 

During October, 1969, thc asphait was applied. The four - 
sample wells around thc 903 Area wprc completed on 
November 1.1. 1963. 

Starting February 23, 1970, operations were started to apply 
additional f i l l  over the surrounding area directly east of . 
903 due to soil contamination. 

Additional so i l  fill operations were cmpleted on 
Harch 4, 1970. 

As of A p r i l  3, 1970, no water has been detected in the Wells. 

Hca I th Phys i cs  
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